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(54) Vertically-aligned (VA) liquid crystal display device 



(57) A vertically alignment mode liquid crystal dis- 
play device having an improved viewing angle charac- 
teristic is disclosed. The disclosed liquid crystal display 
device uses a liquid crystal having a negative aniso- 
tropic dielectric constant, and orientations of the liquid 
crystal are vertical to substrates (12,13) when no volt- 
age being applied, almost horizontal when a predeter- 



mined voltage is applied, and oblique when an 
intermediate voltage is applied. At least one of the sub- 
strates includes a structure (20) as domain regulating 
means, and inclined surfaces of the structure operate 
as a trigger to regulate azimuths of the oblique orienta- 
tions of the liquid crystal when the intermediate voltage 
is applied. 
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Description 



^^ The Present invention relates to a liquid crystal display (LCD), and more particularly to a vertically-aligned (VA) 

Among flat-panel displays enjoying image quality equivalent of the one offered by the CRT, it is a liquid crystal dis- 
play (LCD) that has been most widely adopted nowadays. In particular, a thin-film transistor (TFT) type LCD (TFT LCD) 
has been adapted to public welfare-related equipment such as a personal computer, word processor, and OA equip- 
ment, and home electric appliances including a portable television set, and expected to further expand its market. 
Accordingly, there is a demand for further improvement of image quality. A description will be made by taking the TFT 
> LCD for instance. However, the present invention is not limited to the TFT LCD but can apply to a simple matrix LCD, a 
plasma addressing type LCD and so forth. Generally, the present invention is applicable to LCDs which include liquid 
crystal sandwiched between a pair of substrates on which electrodes are respectively formed and carry out displays by 
applying voltage between the electrodes. 

Currently, a mode most widely adopted for the TFT LCD is a normally-white mode that is implemented in a twisted 
nematic (TN) LCD. The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. 
Contrast and color reproductoility provided by the TN TFT LCD have surpassed those offered by the CRT. However, the 
TN LCD has a critical drawback of a narrow viewing angle range. This poses a problem that the application of the TN 
LCD is limited. 

In an effort to solve these problems, Japanese Examined Patent Publication Nos. 53-48452 and 1-120528 have 
proposed an LCD adopting a mode referred to as an IPS mode. 

However, the IPS mode suffers from slow switching. At present, when a motion picture representing a fast motion 
is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, therefore for 
improving the response speed, the alignment film is not rubbed parallel to the electrodes but rubbed in a direction 
shifted by about 15°. However, even when the direction of rubbing is thus shifted, since the response time permitted by 
the IPS mode is twice longer than the one permitted by the TN mode, the response speed is very low. Moreover when 
rubbing is earned out in the direction shitted by about 15°, a viewing angle characteristic of a panel does not become 
uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a specified viewing angle 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient. A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. The VA mode does not use a rotary polarization effect which is used in the TN mode, but uses a birefringent 
(double refraction) effect. The VA mode is a mode using a negative liquid crystal material and vertical alignment film 
When no voltage is applied, liquid crystalline molecules are aligned in a vertical direction and black display appears 
When a predetermined voltage is applied, the liquid crystalline molecules are aligned in a horizontal direction and white 
display appears. A contrast in display offered by the VA mode is higher than that offered by the TN mode. A response 
speed is also higher, and an excellent viewing angle characteristic is provided for white display and black display The 
VA mode is therefore attracting attention as a novel mode for a liquid crystal display. 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is, a problem that 
the hght intensity of display varies depending on the viewing angle. The VA mode provides a much higher contrast than 
the TN mode and is superior to the TN mode in terms of a viewing angle characteristic concerning a viewing angle or 
a viewing angle characteristic, because e*en when no voltage is applied, liquid crystalline molecules near an alignment 
Mm are aligned nearly vertically. However, the VA mode is inferior to the IPS mode in terms of the viewing angle char- 
acienstic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting the onentation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different 
d.rect.ons. Generally, the orientation direction of the liquid crystalline molecules (pre-tiH angles) which Keep contact with 

r^f^L*^! ™ m0de 3re reStriCt6d by * e direction of a rubbin 9 treatment "WW t<> alignment film. 
The rubbing , treatment is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the (quid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by making the rubbing direction different inside the pixels. 

Though the rubbing treatment has gained a wide application, it is the treatment that rubbs and consequently dam- 
ages, the surface of the alignment film and involves the problem that dust is likely to occur 

A T"!?? ^'Ci forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tftangle of the Ijquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the etec- 
trodes are orientated along the surface having the concavo-convex pattern 

^ttillTr" Tf Vi !T n i a " 9,e performance of a crystal display device in the VA mode can be improved by 
setting the onerrtaton d.rect.ons of the liquid crystalline molecules inside pixels to a plurality of mutually different direc- 
tum Japanese Unexamined Patent Publication (Kokai) No. 6-301 036 discloses a LCD in which apertures are provided 
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on a counter electrode. Each aperture faces a center of a pixel electrode and oblique electric f ielete are generated at a 
center of each pixel. The orientation directions of the liquid crystalline molecules inside each pixel are divided into two 
or tour directions due to the oblique electric fields. However, the LCD cfisclosed in Japanese Unexamined Patent Publi- 
cation (Kokai) No. 6-30 1036 has a problem that its response (switching) speed is not enough, particularly, a response 
speed for transition from a state in which no voltage is applied to a state in which a voltage is applied is slow. A cause 
of this problem is presumed that no oblique electric field exists when no voltage is applied between the electrodes. Fur- 
ther, because a length of each area having continuously oriented liquid crystalline molecules in each pixel is a half of a 
pixel size, a time for all liquid crystalline molecules in each area to be oriented in one direction becomes long. 

Further, Japanese Unexamined Patent Publication (Kokai) No. 7-199193 discloses a VA LCD in which slopes hav- 
ing different directions are provided on electrodes and the orientation directions of the liquid crystalline molecules inside 
each pixel are divided. However, according to the disclosed constitutions, the vertical alignment film formed on the 
slopes are rubbed, therefore, the VA LCD disclosed in Japanese Unexamined Patent Publication (Kokai) No-7-199193 
also has the above-mentioned problem that dust is likely to occur. Further, according to the disclosed constitutions, the 
size of the slopes is a half of the pixel, therefore, all liquid crystalline molecules faces the slopes are inclined, a good 
black display cannot be obtained. This causes a reduction of contrast. Further, inclination angles of the slopes are small 
because two or four slopes are provided across each pixel. It is found that the gentle slopes cannot fully define the ori- 
entation directions of the liquid crystalline molecules, in order to realize steep slopes, it is necessary to increase a thick- 
ness of a structure having slopes. However, when the thickness of the structure becomes large, charges accumulated 
on the structure becomes large. This causes a phenomenon that the liquid crystalline molecules do not change their 
orientations when a voltage is applied due to the accumulated charges. This phenomenon is so-called a burn. 

As described above, there are some problems to realize a division of orientation directions of the liquid crystalline 
molecules for improving the viewing angle performance in the VA LCD. 

It is desirable to improve a viewing angle characteristic of a VA liquid crystal display, and to realize a VA liquid crys- 
tal display exhibiting a viewing angle characteristic that is as good as the one exhibited by the IPS mode or better than 
it while permitting the same contrast and operation speed as the conventional liquid crystal displays. 

According to an embodiment of the present invention, in the VA mode employing a conventional vertical alignment 
film and adopting a negative liquid crystal as a liquid crystal material, a domain regulating means is included for regu- 
lating the orientation of a liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is 
applied so that the orientation will include a plurality of directions within each pixel. The domain regulating means is pro- 
vided on at least one of the substrates. Further, at least one of domain regulating means has inclined surfaces (slopes) 
The inclined surfaces include surfaces which are almost vertical to the substrates. Rubbing need not be performed on 
the vertical alignment film. 

In the VA LCD device, when no voltage is applied, in almost all regions of the liquid crystal other than the protru- 
sions, liquid crystalline molecules are aligned nearly vertically to the surfaces of the substrates. The liquid crystalline 
molecules near the inclined surfaces also orientates vertically to the inclined surfaces, therefore, the liquid crystalline 
molecules are inclined. When a voltage is applied, the liquid crystalline molecules tilt according to an electric field 
strength. Since the electric fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rub- 
bing, the azimuth in which the liquid crystalline molecules tilt due to the electric fields includes all directions of 360° If 
there are pre-tilted liquid crystalline molecules, surrounding liquid crystalline molecules are tilted in the directions of the 
pre-t.lted liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid crystalline molecules in 
contact with the surfaces of the protrusions. When a voltage is increased, the negative liquid crystalline molecules are 
tilted in directions vertical to the electric fields. 

As mentioned above, the inclined surfaces fill the role of a trigger for determining azimuths in which the liquid crys- 
tall.ne molecules are aligned with application of a voltage. The inclined surfaces need not have large area With small 
inclined surfaces, when no voltage is applied, the liquid crystalline molecules in almost all the regions of the liquid-crys- 

l^JT? the inClined SUrfaces are ali9ned vertica,,y t0 me sur1aces <* substates. This can result in a nearly 
perfect black display. Thus, a contrast can be raised. 

Reference will now be made, by way of example, to the accompanying drawings, in which: 

Figs. 1 A and 1 B are diagrams for explaining a panel structure and an operational principle of a TN LCD* 

Figs. 2A to 2C are diagrams for explaining a change of viewing according to a change of viewing angle in the TN 

Figs. 3A to 3D are diagrams for explaining an IPS LCD; 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
as an example of the IPS LCD; 7 *** 7 

Fig. 5 is a diagram showing a gray-scale reversal areas in the IPS LCD; 

Figs. 6A and 6B are diagrams showing examples of changes in display luminance levels of display in relation to the 
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polar angle; 

Figs. 7A to 7C are diagrams tor explaining a VA LCD and problems thereof; 

Figs. 8A to 8C are diagrams for explaining rubbing treatment; 

Figs. 9A to 9C are diagrams tor explaining principles of the present invention; 

Figs. 10A to 10C are diagrams for ©plaining determination of an orientation by protrusions; 

Figs. 1 1 A to 1 1 C are diagrams showing examples of the protrusions; 

Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means; 

Fig. 13 is a diagram showing overall configuration of a liquid crystal panel of the first embodiment; 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance with a first embodiment; 

Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in the first embodiment; 

Fig. 1 6 is a diagram showing the pattern of protrusions outside a display area of the first embodiment; 

Fig. 1 7 is a sectional view of the LCD panel of the first embodiment; 

Figs. 18A and 18B are diagrams showing the position of a liquid-crystal injection port of the LCD panel of the first 
embodiment; 

Fig. 19 is a diagram showing contours of protrusions in a prototype of the first embodiment defined by performing 
measurement using a tracer type coating thickness meter; 

Figs. 20A and 20B are diagrams indicating a change in response speed according to a change of spacing between 
protrusions in the panel of the first embodiment; 

Fig. 21 is a diagram indicating a change in switching speed according to a change of spacing between protrusions 
in the panel of the first embodiment; 

Fig. 22 is a diagram showing a viewing angle characteristic of the panel of the first embodiment; 
Figs. 23A to 23C are diagrams showing changes in display luminance levels of the panel of the first embodiment; 
Figs. 24A and 24B are diagrams showing changes in display luminance levels of the panel of the first embodiment, 
Fig. 25 is a diagram showing a viewing angle characteristic of the panel of the first embodiment having a phase- 
difference film; 

Figs. 26A to 26C are diagrams showing changes in display luminance levels of the panel of the first embocfiment 
having a phase-difference film; 

Fig. 27 is a diagram for explaining occurrence of light leakage near the protrusions; 
Fig. 28 is a diagram showing a change in transmittance according to a change of applied voltage; 
Fig. 29 is a diagram showing a change in contrast ratio according to a change of applied voltage; 
Fig. 30 is a diagram showing a change in transmittance of white display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Fig. 31 is a diagram showing a change in transmittance of black display according to a change of height of protru- 
sions in the panel of the first embodiment; 

Fig. 32 is a diagram showing a change in contrast ratio according to a change of height of protrusions in the panel 
of the first embodiment; 

Fig. 33 is a diagram showing a pattern of protrusions of the second embodiment; 
Fig. 34 is a diagram showing a pattern of protrusions of a third embodiment; 
Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment; 
Fig. 36 is a diagram showing an alignment of liquid crystalline molecules near apices of the protrusions; 
Figs. 37A and 37B are diagrams showing shapes of protrusions of a fourth embodiment; protrusions 
Figs. 38A and 38B are diagrams showing a structure of a panel of a fifth embodiment; 
Fig. 39 is a diagram showing a pattern of slits of a pixel electrode of the fifth embodiment; 
Fig. 40 is a diagram showing an example of alignment of liquid crystalline molecules at a connection of slits- 
Fig. 41 is a diagram showing generations of domains in the panel of the fifth embodiment; 
Fig. 42 is a diagram showing shapes of protrusions and slits of a sixth embodiment; 

F*- 43 is a diagram showing generations of domains at corners of the protrusions and slits in the panel of the sixth 
embodiment; 

Fig. 44 is a plan view of pixel portion in a LCD panel of the sixth embodiment; 
Fig. 45 is a diagram showing a pattern of pixel electrodes of the sixth embodiment; 
Fig. 46 is a sectional view of the LCD panel of the sixth embodiment; 

Fig. 47 is a diagram showing a viewing angle characteristic of the panel of the sixth embodiment 
Figs. 48A to 48C are diagrams showing changes in display luminance levels of the panel of the sixth embodiment- 
Figs. 49A and 49B are diagrams showing a modification of pattern of pixel electrodes of the sixth embodiment 
err^rrtm ^ * * **** electrodes and a ° f * panel of the seventh 

Fig. 51 is a plan view of pixel portion in a LCD panel of the seventh embodiment; 
Fig. 52 is a diagram showing a structure of a panel of an eighth embodiment; 
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Figs. 53A to 53J are diagrams showing a process for producing a TFT substrate of the eighth embodiment; 

Fig. 54 is a diagram showing a pattern of protrusions a panel of a ninth embodiment 

Fig. 55 is a plan view of pixel portion in a LCD panel of the ninth embodiment; 

Fig. 56 is a diagram showing a modification of pattern of protrusions of the ninth embodiment; 

Figs. 57A and 57B are diagrams for explaining influences of oblique electric fields at edges of an electrode; 

Fig. 58 is a diagram for explaining a problem occurred in a structure using zigzag protrusions; 

Fig. 59 is a diagram showing in enlarged form the neighborhood of a portion where a schlieren structure is 

observed; 

Fig. 60 is a diagram showing a region where response speed are reduced; 

Figs. 61 A and 61 B are sectional views of the portions where the response speed is reduced; 

Figs. 62A and 62B are diagrams showing a fundamental arrangement of a protrusion with respect to an edge of 

pixel electrode in a tenth embodiment; 

Fig. 63 is a diagram showing an arrangement of protrusions in the tenth embodiment; 
Fig. 64 is a detailed diagram showing a distinctive portion of the tenth embodiment; 

Figs. 65A and 65B are diagrams for explaining a change in orientation direction by irradiation of ultraviolet light; 
Fig. 66 is a diagram showing a modification of the tenth embodiment; 

Figs. 67A to 67C are diagrams for explaining desirable arrangements of the protrusions and an edge of the pixel 
electrode; 

Fig. 68 is a diagram for explaining desirable arrangements of the depressions and an edge of the pixel electrode; 
Figs. 69A and 69B are diagrams showing desirable arrangements of the protrusions and edges of the pixel elec- 
trode; 

Figs. 70A and 70B are diagrams showing a pattern of protrusions of a eleventh embodiment; 
Fig. 71 is a diagram showing an example in which discontinuous protrusions are provided in each pixel; 
Fig. 72 is a diagram showing shapes of the pixel electrodes and protrusions of a twelfth embodiment; 
Fig. 73 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Fig. 74 is a diagram showing a modification of shapes of the pixel electrodes and protrusions of a twelfth embodi- 
ment; 

Fig. 75 is a diagram showing a pattern of protrusions of a thirteenth errtoodiment; 
Figs. 76A and 76B are sectional views of the third embodiment; 

Figs. 77A and 77B are diagrams showing an operation of a storage capacitor (CS) and a structure of electrodes; 
Figs. 78A and 78B are diagrams showing an arrangement of protrusions and CS electrodes of a fourteenth embod- 
iment; 

Figs. 79A and 79B are diagrams showing an arrangement of slits and CS electrodes of a modification of the four- 
teenth embodiment; 

Figs. 80A and 80B are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth embodiment; 

Figs. 81 A and 81 B are diagrams showing an arrangement of protrusions and CS electrodes of an another modifi- 
cation of the fourteenth embodiment; 

Fig 82 is a diagram showing a pattern of protrusions of the fifteenth embodiment; 

Figs. 83A to 83D are diagrams for explaining alignment changes of the liquid crystalline molecules in the fifteenth 
embodiment; 

Fig. 84 is a diagram showing a viewing angle characteristic of the panel of the fifteenth embodiment; 

Figs. 85A to 85D are diagrams showing changes of response times between gray-scale levels in the fifteenth 

embodiment, TN LCD, and other VA LCDs; 

Figs. 86A and 86B are diagrams showing an arrangement of protrusions of a modification of the fifteenth embodi- 
ment; 

Fig. 87 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment- 
Fig. 88 is a diagram showing an arrangement of protrusions of another modification of the fifteenth embodiment 
Fig. 89 is a diagram showing an arrangement of protrusions of another modification of the f ifteenth embodiment- 
Figs. 90A and 90B are diagrams showing a structure of protrusions of a sixteenth errtoodiment; 
Fig. 91 is a diagram showing an arrangement of protrusions of the sixteenth embodiment; 
Figs. 92A and 92B are diagrams showing a structure of a panel of a seventeenth embodiment- 
Fig. 93 is a diagram showing a structure of a panel of a eighteenth errfcodiment; 
Fig. 94 is a diagram showing a structure of a panel of a nineteenth errtoodiment; 
Fig. 95 is a diagram showing a structure of a panel of a twentieth embodiment; 
Fig. 96 is a diagram showing a structure of a panel of a modification of the twentieth embodiment- 
Fig. 97 is a diagram showing a structure of a panel of another modification of the twentieth embodiment- 



EP 0 864 626 A2 



Fig. 98 is a diagram showing a structure of a panel of another modification of the twentieth embodiment; 

Figs. 99A and 99B are diagrams showing a structure of a panel of a 21st embodiment; 

Figs. 100A and 100B are diagrams for explaining an influence of an assembly error to the alignment division; 

Figs. 101 A and 101 B are diagrams showing a structure of a panel of a 22nd embodiment; 

Fig. 102 is a diagram showing a structure of a panel of a 23rd embodiment; 

Figs. 103 A and 1 03B are diagrams showing a structure of a panel of a 24th embodiment; 

Fig. 104 is a diagram showing a pattern of protrusions to which the structure of the 24th embodiment is applied; 

Figs. 1 05A and 1 05B are diagrams showing a structure of a panel of a 25th embodiment; 

Fig. 106 is a diagram showing a structure of a panel in which a relationship of response time with respect to a gap 

length between protrusions is measured; 

Fig. 107 is a diagram showing the relationship of response time with respect to the gap length; 
Figs. 108A and 108B are diagrams showing a relationship of a transmittance with respect to a gap between protru- 
sions; 

Figs. 109A and 109B are diagrams showing an operational principle of the 25th embodiment; 
Fig. 1 10 is a diagram showing a structure of a panel of a 26th embodiment; 
Fig. 1 1 1 is a diagram showing a viewing angle characteristic of the panel of the 26th embodiment; 
Fig. 1 12 is a diagram showing a pattern of protrusions of normal types; 

Fig. 1 13 is a diagram showing wavelength dispersion characteristic of the optical anisotropy of the liquid crystal; 

Fig. 1 14 is a diagram showing a pattern of protrusions of a 27th embodiment; 

Fig. 1 15 is a diagram showing a relation between an applied voltage and transmittance; 

Fig. 1 16 is a diagram showing a pattern of protrusions of a 28th embodiment; 

Fig. 1 17 is a diagram showing a pattern of protrusions of a 29th embodiment; 

Fig. 1 18 is a diagram showing a pixel structure of the 29th embodiment; 

Fig. 1 19 is a diagram showing shapes of protrusions of a 30th embodiment; 

Fig. 1 20 is a diagram showing a change of transmittance according to a change of height of protrusions; 
Fig. 121 is a diagram showing a change of a contrast ratio according to a change of height of protrusions; 
Fig. 122 is a diagram showing a change of transmittance in white level according to a change of height of protru- 
sions; 

Fig. 123 is a diagram showing a change of transmittance in black level according to a change of height of protru- 
sions; 

Figs. 124A and 124B are diagrams showing pixel structures of an modification of the 30th embodiment; 

Figs. 125 A and 125B are diagrams showing shapes of protrusions of a 31st errtDOdiment; 

Fig. 126 is a diagram showing a relationship between a twisted angle and a thickness of liquid crystal layer in a 

panel of the VA LCD; 

Fig. 127 is a diagram showing a relationship between a relative luminance of white level and a retardation of liquid 
crystal in the panels of the VA LCD and TN LCD; 

Fig. 128 is a diagram showing relationships between transmittances and a retardation of liquid crystal at respective 
wavelengths in the panel of the VA LCD; 

Fig. 129 is a diagram showing relationships between response times and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD; 

Fig. 130 is a diagram showing relationships between an aperture ratio and a gap between protrusions at respective 
wavelengths in the panel of the VA LCD; 

Fig. 131 is a diagram showing a structure of a panel of a 32nd embodiment; 
Fig. 132 is a diagram showing a structure of a panel of a modification of the 32nd embodiment; 
Fig. 1 33 is a diagram showing a structure of a TFT substrate of a 33rd embodiment; 
Figs. 134A and 134B are diagrams showing a pattern of protrusions of the 33rd embodiment; 
Fig. 1 35 is a diagram showing a structure of a panel of a 34th embodiment; 
Figs. 136A and 136B are diagrams showing a pattern of protrusions of the 34th embodiment; 
Figs. 137A to 137D are diagrams showing a process for producing a TFT substrate of the 35th embodiment- 
Fig. 138 is a diagram showing a structure of a TFT substrate of the 35th embodiment; 
Figs. 139A to 139E are cfiagrams showing a process for producing a TFT substrate of the 36th embodiment* 
Figs. 140A and 140B are diagrams for explaining a problem of dielectric substance on an electrode- 
Figs. 141A and 141B are diagrams showing a structure of protrusions of a 37th embodiment; 
Figs. 142A to 142E are diagrams showing a process for producing protrusions of the 37th embodiment- 
Fig. 1 43 is a diagram showing a structure of protrusions of a 38th embodiment; 
Figs. 144A and 144B are diagrams showing a change of a shape of a protrusion due to baking- 
Rgs^ 145A to 145E are diagrams showing a change of the shape of the protrusion according to baking tempera- 
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Figs. 146 A to 146C are diagrams showing a change of the shape of the protrusion according to a width of the pro- 
trusion; 

Figs. 1 47A and 147B are diagrams showing protrusions and a forming condition of the vertical alignment f am; 
Figs. 148A to 148C are diagrams showing an example of a method of forming protrusions according to a 39th 
embodiment; 

Figs. 149A and 148B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment: 

Fig. 150 is a diagram showing an another example of a method of forming protrusions according to the 39th 
embodiment; 

Figs. 151 A and 1 51 B are diagrams shewing changes of a repellent occurrence ratio according to the ultraviolet light 
irradiation; 

Figs. 152A to 152C are diagrams showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Figs. 153 A to 153C are diagrams showing an another example of a method of forming protrusions according to the 
39th embodiment; 

Figs. 154A and 154B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

Figs. 155A and 155B are diagrams showing an another example of a method of forming protrusions according to 
the 39th embodiment; 

Fig. 156 is a diagram showing a temperature condition of the method shown in Figs. 155 A and 155B; 

Figs. 157A to 157C are diagrams showing an another example of a method of forming protrusions according to the 

39th embodiment; 

Fig. 158 is a diagram showing a structure of a panel of a prior art provided wfth black matrices; 

Fig. 1 59 is a diagram showing a structure of a panel of a 40th embodiment; 

Fig. 1 60 is a diagram showing a pattern of protrusions of the 40th embodiment; 

Fig. 161 is a diagram showing a shade pattern (black matrices) of a 41th embodiment; 

Fig. 1 62 is a sectional view of a panel of the 41 st embodiment; 

Fig. 163 is a diagram showing pixels and a pattern of protrusions of a 42nd embodiment; 
Fig. 1 64 is a diagram showing a structure of a prior art panel having spacers; 

Figs. 1 65A and 1 65B are diagrams showing structures of panels of a 43rd embodiment and an modification thereof; 
Figs. 1 66A and 1 66B are diagrams showing structures of panels of modifications of the 43rd embodiment; 
Fig. 1 67 is a diagram showing a structure of a panel of a modification of the 43rd embodiment; 
Figs. 1 68A to 1 68C are diagrams showing a process of a panel of a 44th embodiment; 

Fig. 169 is a diagram showing a relationship between a scattered density of spacers and a cell gap in the 44th 
embodiment; 

Fig. 170 is a diagram showing a relationship between a scattered density of spacers and generations of blemishes 
when a force is applied to the panel; 

Figs. 1 71 A and 1 71 B are diagrams showing chemical formulas of crown added to protrusion materials so that the 
protrusions have ion absorption ability; 

Figs. 172A and 172B are diagrams showing chemical formulas of kryptand added to protrusion materials so that 
the protrusions have ion absorption ability; 

Figs. 1 73 A and 1 73B are diagrams showing structures of CF substrates of a 45th embodiment and a modification 
thereof; 

Fig. 1 74 is a diagram showing a structure of a panel of a 46th embodiment; 

Figs. 175A and 175B are diagrams showing structures of CF substrates of another modifications of the 46th 
embodiment; 

Figs. 176A and 176B are diagrams showing structures of CF substrates of another modifications of the 46th 
embodiment; 

Figs. 177A and 177B are diagrams showing structures of CF substrates of another modifications of the 46tfi 
embodiment; 

Fig. 1 78 is a diagram showing a structure of a panel of an another modification of the 46th embodiment- 

F !£L!- 79A 3nd 1798 are dia 3 rams showin 9 structures of CF substrates of another modifications of the 46th 

embodiment; 



Figs. 180A and 180B are diagrams showing structures of CF substrates of another modifications of the 46th 

embodiment; 

X' 18 H t0 1810 are diasrams a P rocess for *«rtng protrusions on the CF substrate according to a 

4/tn embodiment; 

Fig. 182 is a diagram showing a structure of a panel of the 47th embodiment; 
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Figs. 183 A and 180B are diagrams showing a process for forming black matrices of the CF substrate according to 
a 48th embodiment; 

Figs. 184 A and 184B are diagrams showing a structure of a panel of the 48th embodiment; 

Figs. 185A to 185C are diagrams showing a process for forming protrusions on the CF substrate according to a 

49th embodiment; 

Fig. 186 is a diagram showing a structure of a panel of the 49th embodiment; 

Fig. 187 is a dagram showing a process for forming protrusions on the CF substrate according to a 50th embodi- 
ment; 

Figs. 188A and 188B are diagrams showing a structure of a panel of the 50th embodiment; 
Fig. 189 is a diagram showing a structure of a CF substrate of a 51th embodiment; 

Figs. 190A and 190B are diagrams showing structures of CF substrates of modifications of the 51th embodiment; 
Fig. 1 91 is a diagram showing structures of CF substrates of modifications of the 51th embedment; 
Fig. 192 is a diagram showing structures of CF substrates of modifications of the 51th embodment; 
Fig. 193 is a diagram showing a structure of a panel of an another modification of the 50th embodiment; 
Fig. 194 is a diagram showing an example of a product employing the LCD in accordance with the present inven- 
tion; 

Fig. 195 is a diagram showing a structure of the product shown in Fig. 197; 

Figs. 196A and 196B are diagrams showing examples of arrangements of the protrusions in the product; 

Fig. 1 97 is a flowchart showing a process of a panel according to the present invention; 

Fig. 1 98 is a flowchart showing a process of forming protrusions; 

Fig. 199 is a diagram for explaining a process of forming protrusions by printing; 

Fig. 200 is a diagram showing the configuration of a liquid-crystal injection apparatus; 

Figs. 201 A and 201 B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 202A and 202B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Figs. 203A and 203B are diagrams showing examples of the positions of liquid-crystal injection ports of the LCD 
panel; 

Fig. 204 is a diagram showing a structure of electrodes near the liquid-crystal injection port in the panel of the 
present invention; 

Figs. 205A to 205C are diagrams for explaining a defect due to contamination by polyurethane resin and skin in the 
VA LCD; 

Fig. 206 is a diagram showing a relationship between a size of polyurethane resin particulate and a size of defective 
area; 

Fig. 207 is a diagram showing a simulation result of a relationship between a display frequency and an effective 
voltage at respective specific resistances; 

Fig. 208 is a diagram showing a simulation result of a discharge time at respective specific resistances; 
Fig. 209 is a diagram showing a simulation result of a discharge time at respective specific resistances; 
Fig. 210 is a diagram showing a fundamental constitution of the prior art VA LCD; 
Fig. 21 1 is a diagram showing a viewing angle characteristic (contrast ratio) of the prior art VA LCD; 
Fig. 212 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the prior art VA LCD- 
Fig. 213 is a diagram showing a fundamental constitution of the panel of according to the present invention; 
Fig. 214 is a diagram showing a viewing angle characteristic (contrast ratio) of present invention; 
Fig. 215 is a diagram showing a viewing angle characteristic (gray-scale reversal) of present invention; 
Fig. 216 is a diagram for explaining characteristics of a retardation film; 
Fig. 217 is a diagram showing a constitution of a panel of a 52nd embodiment; 

Fig. 218 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment- 
Fig. 219 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52nd embodiment*' 
Fig. 220 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 52nd embodiment; 
Fig. 221 is a diagram showing a constitution of a panel of a 53rd embodiment; 

Fig. 222 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment- 
Fig. 223 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 52rd embodiment 
£" 2 ^ ,5 j? d,a S ram showin 9 a relationship of a polar angle at which a predetermined value of contrast'can be 
obtained with respect to a retardation in the 53rd embodiment; 
Fig. 225 is a diagram showing a constitution of a panel of a 54th embodiment' 

Fig 226 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 54th embodiment- 
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Fig. 227 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 54th embodiment; 

Fig. 228 is a diagram showing a change of a polar angle at which no gray-scale reversal is generated with respect 
to a retardation in the 54th embodiment; 

Fig. 229 is a diagram showing a change of an upper limit to the optimum condition regarding gray-scale reversal 
with respect to a retardation in the 54th embocfiment; 

Fig. 230 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Fig. 231 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 55th embodiment; 
Fig. 232 is a diagram showing a constitution of a panel of a 56th embodiment; 

Fig. 233 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 
Fig. 234 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 56th embodiment; 
Fig. 235 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 56th embodiment; 
Fig. 236 is a diagram showing a constitution of a panel of a 57th errtaodiment; 

Fig. 237 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment; 
Fig. 238 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 57th embodiment- 
Fig. 239 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 57th embodiment; 
Fig. 240 is a diagram showing a constitution of a panel of a 58th embodiment; 

Fig. 241 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment; 
Fig. 242 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 58th embodiment- 
Fig. 243 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 58th embodiment; 
Fig. 244 is a diagram showing a constitution of a panel of a 59th embodiment; 

Fig. 245 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 
Fig. 246 is a diagram showing a viewing angle characteristic (gray-scale reversal) of the 59th embodiment; 
Fig. 247 is a diagram showing a relationship of a polar angle at which a predetermined value of contrast can be 
obtained with respect to a retardation in the 59th embodiment; 

Fig. 248 is a diagram showing a change of an upper limit to the optimum condition regarding contrast with respect 
to a retardation in the 59th embodiment; 

Fig. 249 is a diagram showing a viewing angle characteristic of a panel of the 32th embodiment; 
Fig. 250 is a diagram showing a change of an ion density when an ion absorption treatment is applied to the pro- 
trusions; K 

Figs. 251 A to 251D are diagrams showing a process of a method of a panel of a modification in the 51st embodi- 
ment; 

Figs. 252A and 252B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
second embodiment; 

Fig. 253 is a diagram showing a pattern of protrusions of an another modification of the second embodiment 
Figs. 254A and 254B are diagrams showing a pattern of protrusions and a sectional structure of the panel of the 
sixteenth embodiment; 

Fig. 255 is a detailed diagram showing a distinctive portion of a modification of the tenth embodiment. 

Before proceeding to a detailed description of the preferred embodiments of the present invention, a prior art liquid 
^ZaZ%Z^ 66 d6SCribed t0 al,CW 3 dearer ""Ending °* *• differences between the present inven- 

Figs. 1 A and 1 B are diagrams for explaining the structure and principles of operation of a panel of the TN LCD As 
shown in Figs .t A and 1 B. an alignment film is placed on transparent electrodes 12 and 13 formed on glass substrates 
I^SILTS? ' S P ! rtbr " ,ed 80 «* o«entation directions of the liquid crystalline molecules on the two substrates' 

o ££2? SSV 0 h °! . 6 r ™t 3 ™ ,iQUid CfyStal 18 *. transparent electrodes. Due to the 

properties of the liquid crystal, hqu.d crystalline molecules in contact with the alignment films are aligned in the direc- 
tions of the onentation defined by the alignment films. The other liquid crystaHine molecules are alignedln LSe 
aligned molecules. Consequently, as shown in Fig. 1 A. the liquid crystalline molecules are aligned while twisted by 90" 
Two sheet polarizers 1 1 and 15 are located in parallel with the directions of the orientation defined by me atgnment 

shJSLSS X£? iS P0 ' a . riZed 1 fa " S 00 3 Pane ' ha " n9 <he fore90in9 * rue,ur * * e «h«WBh the 

shee potanzer 1 1 becomes Hnearly-polarized light and enters the liquid crystal. Since the liquid crystalline molecules 
are aligned while twisted 90'. the incident light is passed while twisted goTrh. light can LJZS^EEtZ 
lower sheet polarizer 1 5. This state is a bright state. mrougn me 
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Next, as shown in Fig. 1 B. when a voltage is applied to the electrodes 1 2 and 1 3 and thus applied to the liquid crys- 
talline molecules, the liquid crystalline molecules erect themselves to untwist However, on the surfaces of the align- 
ment films, since an orientation control force is stronger, the orientation of the liquid crystal remains matched with the 
orientation defined by the alignment films. In this state, the liquid crystalline molecules are isotropic relative to passing 
light. The linearly-polarized light incident on the liquid-crystal layer will therefore not turn the direction of polarization. 
The linearly-polarized light passing through the upper sheet polarizer 1 1 cannot therefore pass through the lower sheet 
polarizer 15. This brings about a dark state. Thereafter, when a state in which no voltage is applied is resumed, display 
is returned to the bright state owing to the orientation control force. 

The technology of manufacturing the TN TFT LCD has outstandingly advanced in recent years. Contrast and color 
reproducibility provided by the TN TFT LCD have surpassed those offered by the CRT However, the TN LCD has a crit- 
ical drawback of a narrow viewing angle range. This poses a problem that the application of the TN LCD is limited. Figs. 
2A to 2C are diagrams for explaining this problem. Fig. 2A shows a state of white display in which no voltage is applied, 
Fig. 2B shows a state of halftone display in which an intermediate voltage is applied, and Fig. 2C shows a state of black 
display in which a predetermined voltage is applied. As shown in Fig. 2A, in the state in which no voltage is applied, 
liquid crystalline molecules are aligned in the same cfirection with a slight inclination (about 1° to 5°). In reality, the mol- 
ecules are twisted as shown in Fig. 1 A. For convenience* sake, the molecules are illustrated like Fig. 2A. In this state, 
light is seen nearly white in any azimuth. Moreover, as shown in Fig. 2C. in the state in which a voltage is applied, inter- 
mediate liquid crystalline molecules except those located near the alignment films are aligned in a vertical direction. 
Incident linearly-polarized light is therefore seen black but not twisted. At this time, light obliquely incident on a screen 
(panel) has the direction of polarization thereof twisted to some extent because it passes obliquely through the liquid 
crystalline molecules aligned in the vertical direction. The light is therefore seen halftone (gray) but not perfect black. As 
shown in Fig. 2B, in the state in which an intermediate voltage lower than the voltage applied in the state shown in Fig. 
2C is applied, the liquid crystalline molecules near the alignment films are aligned in a horizontal direction but the liquid 
crystalline molecules in the middle parts of cells erect themselves halfway. The birefringent property of the liquid crystal 
is lost to some extent. This causes a transmrttance to deteriorate and brings about halftone (gray) display. However, this 
refers only to light incident perpendicularly on the liquid-crystal panel. Obliquely incident light is seen differently, that is, 
light is seen differently depending on whether it is seen from the left or right side of the drawing. As illustrated, the liquid 
crystalline molecules are aligned mutually parallel relative to light propagating from right below to left above. The liquid 
crystal hardly exerts a birefringent effect. Therefore, when the panel is seen from left, it is seen black. By contrast the 
liquid crystalline molecules are aligned vertically relative to light propagating from left below to right above. The liquid 
crystal exerts a great birefringent effect relative to incident light and the incident light is twisted This results in nearly 
white display. Thus, the most critical drawback of the TN LCD is that the display state varies depending on the viewing 

In an effort to solve the above problem, Japanese Examined Patent Publication (Kokai) Nos 53-48452 and 1- 
1 20528 have proposed an LCD adopting a mode referred to as an IPS mode. Figs. 3A to 3D are diagrams for explaining 
the IPS LCD. Fig. 3A is a side view of the LCD with no voltage applied, Fig. 3B is a top view thereof with no voltage 
applied, Fig. 3C is a side view thereof with a voltage applied, and Fig. 3D is a top view with a voltage applied In the IPS 
mode, as shown in Figs. 3 A to 3D, slit-like electrodes 18 and 19 are formed in one substrate 17, and liquid crystalline 
molecules existent in a gap between the slit-like electrodes are driven with electric fields induced by a transverse elec- 
tric wave. A material exhibiting positive dielectric anisotropy is used to make a liquid crystal 14. When no electric field 
is applied, an alignment film is rubbed in order to align the liquid crystalline molecules homogeneously so that the major 
axes of the liquid crystalline molecules will be nearly parallel to the longitudinal direction of the electrodes 18 and 19 
In the illustrated example, the liquid crystalline molecules are homogeneously aligned with an azimuth of 15° relative to 
the longitudinal direction of the slit-like electrodes in order to make a direction (direction of turn), to which the orientation 
of the liquid crystal is changed with application of a voltage, constant. In this state, when a voltage is applied to the slit- 
like electrodes, as shown in Fig. 3C, liquid crystalline molecules existent near the slit-like electrodes change their ori- 
entation so that the major axes thereof will be turned 90° relative to the longitudinal direction of the slit-like electrodes 
However, since the other substrate 16 is orientationally processed so that liquid crystalline molecules will be aligned 
with an azimuth of 15° relative to the longitudinal direction of the slit-like electrodes, liquid crystalline molecules near 
the sub^ate 16 are aligned so that the major axes thereof will be nearly parallel to the longitudinal direction of the elec- 
rodes 18 and 1 9. The liquid crystalline molecules are therefore aligned while twisted from the upper substrate 16 to the 
tower substrate 17. In this kind of liquid crystal display, when the sheet polarizers 1 1 and 15 are placed on and under 
the substrates 16 and 1 7 respectively so that the axes of transmission thereof will be orthogonal to each other When 
ttie axis o transmission of one sheet polarizer is made parallel to the major axes of the liquid crystalline molecules 
black display can be attained with no voltage applied, and white display can be attained with a voltage applied 

As mentioned above, the IPS mode is characterized in that the liquid crystalline molecules do not erect themselves 
but turned in a transverse direction. In the TN mode or the like, when the liquid crystalline molecules erect themselves 
the birefringent property of the liquid crystal varies depending on a direction of an viewing angle and a problem occurs' 
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When the liquid crystalline molecules are turned in the transverse direction, the birefringent property hardly varies 
depending on a direction. This results in very good viewing angle characteristics. However, the IPS mode has another 
problems. One of the problems is that a response speed is quite low. The reason why the response speed is low is that 
although a gap between electrodes in the normal TN mode in which liquid crystalline molecules are turned is 5 microm- 
eters, the gap in the IPS mode is 10 micrometers or more. The response speed can be raised by narrowing the gap 
between the electrodes. However, since electric fields of opposite polarities must be applied to the adjoining electrodes 
in the IPS mode, when the gap between the electrodes is narrowed, a short circuit occurs to bring about a display 
defect. For this reason, the gap between the electrodes cannot be narrowed very much. Besides, when the gap 
between the electrodes is narrowed, the ratio in area of the electrodes to display gets large. This poses a problem that 
a transmrttance cannot be improved. 

As mentioned above, the IPS mode suffers from slow switching. At present, when a motion picture representing a 
fast motion is displayed, drawbacks including a drawback that an image streams take place. In an actual panel, there- 
fore, for improving the response speed, as shown in Figs. 3B and 3D. the alignment film is not rubbed parallel to the 
electrodes but rubbed in a direction shifted by about 15°. For realizing horizontal alignment, when an agent is merely 
applied to the alignment film, liquid crystalline molecules are arrayed freely leftward or rightward and cannot be aligned 
in a predetermined direction. Rubbing is therefore carried out for rubbing the surface of the alignment film in a certain 
direction so that the liquid crystalline molecules will be aligned in the predetermined direction. When rubbing is carried 
out in the IPS mode, if rubbing proceeds parallel to the electrodes, liquid crystalline molecules near the center in the 
gap between the electrodes are slow to turn to the left or right with application of a voltage, and therefore slow to 
respond to the application. Rubbing is therefore, as shown in Figs. 3B and 3D, carried out in a direction shifted by about 
15° in order to demolish right-and-left uniformity. However, even when the direction of rubbing is thus shitted, since the 
response time permitted by the IPS mode is twice longer than the one permitted by the TN mode, the response speed 
is very low. Moreover, when rubbing is carried out in the direction shifted by about 15°, a viewing angle characteristic of 
a panel does not become uniform between the right and left sides of the panel. Gray-scale reversal occurs relative to a 
specified angle of a viewing angle range. This problem will be described with reference to Figs. 4 to 6B. 

Fig. 4 is a diagram giving a definition of a coordinate system employed in studying viewing of a liquid crystal display 
(of the IPS type herein). As illustrated, a polar angle e and azimuth 4> are defined in relation to substrates 16 and 17, 
electrodes 18 and 19, and a liquid crystalline molecule 4. Fig. 5 is a diagram showing a gray-scale reversal character- 
istic of a panel concerning a viewing angle. A gray scale from white to black is segmented into 8 gray-scale levels. 
Domain areas causing gray-scale reversal when a change in luminance is examined by varying the polar angle 6 and 
azimuth 4> are shown in Fig. 5. In the drawing, reversal occurs at fours hatched areas. Figs. 6A and 6B are diagrams 
showing examples of changes in luminance of display of 8 gray-scale levels in relation to the polar angle 0 with the azi- 
muths fixed to values of 75° and 135° causing reversal. White gray-scale reversal occurs at gray-scale levels associated 
with high luminances, that is. when white luminance deteriorates with an increasing value of the polar angle 0. Black 
gray-scale reversal occurs when black luminance increases with an increasing value of the polar angle 0. As mentioned, 
the IPS mode has a problem that gray-scale reversal occurs in four azimuths. Furthermore, the IPS mode has a prob- 
lem that it is harder to manufacture the IPS LCD than the TN LCD. Thus, in the IPS mode, any of the other character- 
istics such as a transmrttance, a response speed and productivity, is sacrificed for the viewing angle characteristic 

As mentioned above, the IPS mode that has been proposed as an alternative for solving the problem on the viewing 
angle characteristic of the TN mode has the problem that the characteristics offered by the IPS mode other than the 
viewing angle characteristic are insufficient A vertically-aligned (VA) mode using a vertical alignment film has been pro- 
posed. Figs. 7A to 7C are diagrams for explaining the VA mode. The VA mode is a mode using a negative liquid crystal 
material and vertical alignment film. As shown in Fig. 7A, when no voltage is applied, liquid crystalline molecules are 
aligned in a vertical direction and black display appears. As shown in Fig. 7C. when a predetermined voltage is applied 
the liquid crystalline molecules are aligned in a horizontal direction and white display appears. A contrast in display 
offered by the VA mode is higher than that offered by the TN mode. A response speed at black level is also higher The 
VA mode is therefore attracting attention as a novei mode for a liquid crystal (f splay. 

However, the VA mode has the same problem as the TN mode concerning halftone display, that is. a problem that 
the display state varies depending on the viewing angle. For displaying a halftone in the VA mode, a voltage lower than 
a voltage to be applied for white display is applied. In this case, as shown in Fig. 7B, liquid crystalline molecules are 
aligned in an oblique direction. As illustrated, the liquid crystalline molecules are aligned parallel to light propagating 
from right below point to left above. The liquid crystal is therefore seen black when viewed from the left side thereof 
because a birefringent effect is hardly exerted on the left side thereof. By contrast the liquid crystalline molecules are 
aligned vertically to light propagating from left below to right above. The liquid crystal exerts a great birefringent effect 
relative to incident light, therefore, display becomes nearly white. Thus, there is the problem that the luminance varies 
depending the viewing angle. The VA mode provides a much higher contrast than the TN mode and is superior to the 
TN mode in terms of a viewing angle characteristic, because even when no voltage is applied, liquid crystalline mole- 
cules near an alignment film are aligned nearly vertically. However, the VA mode is not certainly superior to the IPS 
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mode in terms of the viewing angle characteristic. 

It is known that viewing angle performance of a liquid crystal display device (LCD) in the TN mode can be improved 
by setting the orientation directions of the liquid crystalline molecules inside pixels to a plurality of mutually different 
directions. Generally, the orientation direction of the liquid crystalline molecules (pre-SH angles) which keep contact with 
a substrate surface in the TN mode are restricted by the direction of a rubbing treatment applied to the alignment film. 
The rubbing treatment is a processing which rubs the surface of the alignment film in one direction by a cloth such as 
rayon, and the liquid crystalline molecules are orientated in the rubbing direction. Therefore, viewing angle performance 
can be improved by making the rubbing direction different inside the pixels. Figs. 8A to 8C show a method of making 
the rubbing direction different inside the pixels. As shown in this drawing, an alignment film 22 is formed on a glass sub- 
strate 16 (whose electrodes, etc., are omitted from the drawing). This alignment film 22 is then bought into contact with 
a rotating rubbing roll 201 to execute the rubbing treatment in one direction. Next a photo-resist is applied to the align- 
ment film 22 and a predetermined pattern is exposed and developed by photolithography. As a result, a layer 202 of the 
photo-resist which is patterned is formed as shown in the drawing. Next, the alignment film 22 is brought into contact 
with a rubbing roll 201 that is rotating to the opposite direction to the above so that only the open portions of the pattern 
are rubbed. In this way. a plurality of regions that are subjected to the rubbing treatment in different directions are 
formed inside the pixel, and the orientation directions of the liquid crystal become plural inside the pixel. Incidentally, the 
rubbing treatment can be done in arbitrarily different directions when the alignment film 22 is rotated relative to the rub- 
bing roll 201. 

Though the rubbing treatment has gained a wide application, it is the treatment that rubbs and consequently, dam- 
ages, the surface of the alignment film and involves the problem that dust is likely to occur. 

A method which forms a concavo-convex pattern on an electrode is known as another method of restricting the pre- 
tilt angle of the liquid crystalline molecules in the TN mode. The liquid crystalline molecules in the proximity of the elec- 
trodes are orientated along the surface having the concavo-convex pattern. 

Figs. 9A to 9C are diagrams for explaining the principles of the present invention. According to the present inven- 
tion, as shown in Figs. 9A to 9C. in the VA mode employing a conventional vertical alignment film and adopting a neg- 
ative liquid crystal as a liquid crystal material, a domain regulating means is included for regulating the orientation of a 
liquid crystal in which liquid crystalline molecules are aligned obliquely when a voltage is applied so that the orientation 
will include a plurality of directions within each pixel. In Figs. 9A to 9C. as the domain regulating means, electrodes 12 
on an upper substrate are slitted and associated with pixels, and an electrode 13 on a lower substrate is provided with 
protrusions (projections) 20. 

As shown in Fig. 9A. in a state in which no voltage is applied, liquid crystalline molecules are aligned vertically to 
the surfaces of the substrates. When an intermediate voltage is applied, as shown in Fig. 9B. electric fields oblique to 
the surfaces of the substrates are produced near the slits of the electrodes (edges of the electrodes). Moreover liquid 
crystalline molecules near the protrusions 20 slightly tilt relative to their state attained with no voltage applied The 
inclined surfaces of the protrusions and the oblique electric fields determine the directions in which the liquid crystalline 
molecules are tilted. The orientation of the liquid crystal is divided into different directions along a plane defined by each 
pair of protrusions 20 and the center of each slit. At this time, for example, light transmitted from immediately below to 
immediately above is affected by weak birefringence because the liquid crystalline molecules are slightly tilting Conse- 
quently, the transm.ss.on of light is suppressed and halftone display of gray appears. Ught transmitted from right above 
to left below is haidly transmitted by a region of the liquid crystal in which liquid crystalline molecules are tilting leftward 
while the light is quite readily transmitted by a region thereof in which liquid crystalline molecules are tilting rightward' 
On the average, halftone display of gray appears. Ught transmitted from left below to right above contributes to gray dis- 
play due to the same principles. Consequently, homogeneous display can be attained in all azimuths. Furthermore 
™ n a P^etermined voltage is applied, liquid crystalline molecules become nearly horizontal as shown in Fig 9c' 
White display appears. Thus, in all states of black display, halftone display, and white display, excellent display with little 
dependency on a viewing angle can be attained. 

Now. Figs, 10A and 10B are diagrams for explaining determination of an orientation by protrusions of dielectric 
material provided on the electrodes. In the specification, the dielectric materials are insulating materials of low dielec- 
tric. Referring to Figs. 10A and 10B, an orientation determined by the protrusions will be discussed 

Protrusions are formed alternately on the electrodes 12 and 13. and coated with the vertical alignment films 22 A 
-quid crystal employed ,s of a negative type. As shown in Fig. 10A, when no voltage is applied, the vertical alignment 
!Z ♦T Se 2f ^ cr ]? a,line ™>'ecules to align vertically to the surfaces of the substrates. In this case, rubbing 
T!S 0n £ e Vert ^' ali9nment ,i,ms Uqu,d "ysfc"™ molecules near the protrusions 20 try to align 
22 ^ SUrt f C6S * thB protrusions ™ e crystalline molecules near the protrusions areTherefore 

tilted. However, when no voltage is applied, in almost all regions of the liquid crystal other than the protrusions liquid 

:rrcnx*y a r^^ 

When a voltage is applied, the distribution of electric potentials in the liquid-crystal layer is as shown in Fig. 10B. In 
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the regions of the liquid-crystal layer without the protrusions, the distribution is parallel to the substrates (electric fields 
are vertical to the substrates). However, the distribution is inclined near the protrusions. When a voltage is applied, as 
shown in Figs. 7B and 7D, the liquid crystalline molecules tilt according to an electric field strength. Since the electric 
fields are vertical to the substrates, when a direction of tilt is not defined by carrying out rubbing, the azimuth in which 
the liquid crystalline molecules tilt due to the electric fields includes all directions of 360°. If there are pre-tilted liquid 
crystalline molecules as shown in Fig. 10A, surrounding liquid crystalline molecules are tilted in the directions of the 
pre-tilted liquid crystalline molecules. Even when rubbing is not carried out, the directions in which the liquid crystalline 
molecules lying in gaps between the protrusions can be restricted to the azimuths of the liquid crystalline molecules in 
contact with the surfaces of the protrusions. As shown in Fig. 10B, the electric fields near the protrusions are inclined 
in directions in which they become parallel to the inclined surfaces of the protrusions. When a voltage is applied, the 
negative liquid crystalline molecules are tilted in directions vertical to the electric fields. The directions correspond to 
the directions in which the liquid crystalline molecules are pre-tilted because of the protrusions. Thus, the liquid crystal- 
line molecules are aligned on a stabler basis. The slope of the protrusions and the electric fields in the proximity of the 
inclined surfaces of the protrusions contrfoute to stable alignment. Furthermore, when a higher voltage is applied, the 
liquid crystalline molecules become nearly parallel to the substrates. 

As mentioned above, the protrusions fill the role of a trigger for determining azimuths in which the liquid crystalline 
molecules are aligned with application of a voltage. The protrusions need not have inclined surfaces (slopes) of large 
area. For example, the inclined surfaces over the whole pixel are unnecessary. However, if the size of the inclined sur- 
faces is too small, the effect of the slope and electric field are not available. Therefore, the width of the inclined surfaces 
are required to be determined according to the materials and shape of the protrusions. Because a good result is 
obtained when the width of the protrusions is 5 ^m. This means that when the width of the protrusions is larger than 5 
lim, a good result can be certainly obtained. With small inclined surfaces, when no voltage is applied, the liquid crystal- 
line molecules in almost all the regions of the liquid-crystal layer except the protrusions are aligned vertically to the sur- 
faces of the substrates. This results in nearly perfect black display. Thus, a contrast ratio can be improved. 

When the sections of the protrusions are rectangular, the side surfaces are almost vertical to the substrates. These 
side surfaces also operate as the domain regulating means. Therefore, the surfaces vertical to the substrates are 
included in the inclined surfaces. 

The tilting direction of the orientation of the liquid crystal is decided by domain regulating means. Fig. 1 1 shows the 
orientation direction when protrusions are used as the domain regulating means. Fig. 11 A shows a bank having two 
slopes and the liquid crystalline molecules are oriented in two directions different from each other at an angle of 180 
degrees with the bank being the boundary. Fig. 1 1B shows a pyramid and the liquid crystalline molecules are oriented 
rn four directions different from one another at an angle of 90 degrees with the apex of the pyramid being the boundary. 
Fig. 1 1 C shows a hemisphere and the orientation of the liquid crystalline molecules assumes symmetry of rotation with 
the axis of the hemisphere perpendicular to the substrate being the center. In the case of Fig. 11C. the display state 
becomes the same for all the viewing angles. However, it cannot be said that a larger number of domains or directions 
is better. When the relationship to the direction of polarization offered by a sheet polarizer is taken into account if the 
oblique orientation of the liquid crystal becomes rotationally symmetrical, there arises a problem that light use efficiency 
deteriorates. This is because when domains in the liquid crystal are defined uninterruptedly and radially liquid crystal- 
line molecules lying along a transmission axis and absorption axis of the sheet polarizer work inefficiently, and liquid 
crystalline molecules lying in directions of 45* with respect to the axes work most efficiently. For improving the light use 
efficiency the directions included in the oblique orientation of the liquid crystal are mainly four directions or less When 
there are four directions, they should preferably be directions in which light components to be projected on the display 
surface of the liquid crystal display propagate with azimuths mutually different in increments of 90° In this case the 
ratio in number of liquid crystalline molecules aligned in directions in which light components to be projected on the dis- 
play surface propagate with azimuth mutually different by 180° should preferably be nearly even. Out of two sets of liq- 
uid crystalline molecules aligned in the directions in which the light components to be projected on the display surface 
propagate with azimuths mutually different by 180°. the ratio in number of aligned liquid crystalline molecules of one set 
is nearly even, while the ratio in number of aligned liquid crystalline molecules of the other set is uneven The set of 
aligned liquid crystalline molecules of which ratio in number is nearly even is a majority, and the set of aligned liquid 
crystalline molecules of which ratio in number is uneven may be negligible. In other words, a characteristic analogous 
to that exhibited when two domains are defined in 180° different directions can be realized. 

In Figs. 9A to 9C. for realizing the domain regulating means, the electrodes 12 on the upper substrate are slitted 
and associated with pixels, and the electrode 13 on the lower substrate is provided with the protrusions 20 Any other 
means will also do Figs. 12A to 12C are diagrams showing examples of realizing the domain regulating means Fig 
12A shows an example of realizing it by devising the shapes of the electrodes. Fig. 12B shows an example of devising 
the contours of the surfaces of the substrates, and Fig. 1 2C shows an example of devising the shapes of the electrodes 
and the contours of the surfaces of the substrates. In any of the examples, the orientations shown in Fig. 8 can be 
attained. However, the structures of liquid crystals are a bit different from one another. 
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In Fig. 12A. ITO electrodes 41 and 42 on both substrates or one of the substrates are slitted. The surfaces of the 
substrates are processed for vertical alignment and a negative Gquid crystal is sealed in. When no voltage is applied, 
liquid crystalline molecules are aligned vertically to the surfaces of the substrates. When a voltage is applied, electric 
fields are generated obliquely to the surfaces of the substrates near the slits (edges) of the electrodes. With the oblique 
electric fields, the directions in which liquid crystalline molecules are tilted are determined. The orientation of the liquid 
crystal is divided as illustrated into right and left directions. In this example, the oblique electric fields induced near the 
edges of the electrodes are used to align the liquid crystalline molecules rightward and leftward. This technique shall 
therefore be referred to as an oblique electric field technique. 

In Fig. 12B. protrusions 20 are formed on both the substrates. Like the structure shown in Fig. 1 2A, the surfaces of 
» the substrates are processed for vertical alignment, and a negative liquid crystal is sealed in. When no voltage is 
applied, the liquid crystalline molecules are aligned vertically to the surfaces of the substrates in principles. On the 
inclined surfaces of the protrusions, however, the liquid crystalline molecules are aligned at a little tilt. When a voltage 
is applied, the liquid crystalline molecules are aligned in the directions of tilt. Moreover, when an insulating material with 
low dielectric constant is used to form the protrusions, the electric fields are interrupted (state close to the state attained 
by the oblique electric field technique, the same state as the state attained by the structure having the electrodes slit- 
ted). More stable orientation division can be achieved. This technique shall be referred to as a both-side protrusion 
technique. 

Fig. 1 2C shows an example of combining the techniques shown in Figs. 1 2A and 12B. The description will be omit- 
ted. 

Three examples of realizing the domain regulating means have been presented. Moreover, various modifications 
can be devised. For example, the portions of the electrodes formed as the slits in Fig. 1 2 A may be dented, and the dents 
may be provided with inclined surfaces. Instead of making the protrusions in Fig. 12B using an insulating material, pro- 
trusions may be formed on the substrates, and ITO electrodes may be formed on the substrates and protrusions. Thus, 
the electrodes having the protrusions may be realized. Even this structure can regulate the orientation of the liquid crys- 
tal. Moreover, dents may be substituted for the protrusions. Furthermore, any of the described domain regulating 
means may be formed on one of the substrates When domain regulating means are formed on both the substrates 
any pair of domain regulating means can be employed. Moreover, although the protrusions or dents should preferably 
be designed to have inclined surfaces, the protrusions or dents having vertical surfaces can also exert an effect of a 
certain level. 

When the protrusions are formed, during black display, parts of the liquid crystal lying in the gaps between the pro- 
trusions are seen black, but light leaks out through parts thereof near the protrusions. This kind of partial difference in 
display is microscopic and indiscernible by naked eyes. The whole display exhibits averaged display intensity. The den- 
sity for black display deteriorates a bit, whereby contrast deteriorates. When the protrusions are made of a material not 
allowing passage of visible light, contrast can be further improved. 

When a domain regulating means is formed on one substrate or both substrates, protrusions, dents, or slits can be 
formed like a unidirectional lattice with a predetermined pitch among them. In this case, when the protrusions dents or 
slits are a plurality of protrusions, dents, or slits bent at intervals of a predetermined cycle, orientation division can'be 
ach.eved more stably. Moreover, when the protrusions, dents, or slits are located on both substrates, they should pref- 
erably be arranged to be offset by a half pitch. 

In the constitution disclosed in Japanese Unexamined Patent Publication (Kokai) No. 6-301036 apertures (slits) 
are provided on only the counter (CF) substrate. Therefore, the size of domain areas cannot be too small Contrary, 
according to the present invention, the size of domain areas can be optionally determined because the domain regulat^ 
ing means are provided on both of the pixel electrode and counter electrode. Further, at least one of the domain regu- 
lating means has inclined surfaces, the response speed can be improved. 

On one of two upper and lower substrates, protrusions or dents may be formed like a two-dimensional lattice On 
the other substrate, protrusions or dents may be arranged to be opposed to the centers of squares of the two-dimen- 
sional lattice. 

In any case, it is required that orientation division occurs within each pixel. The pitch of the protrusions dents or 
slits must be smaller than that of pixels. 

The results of examining the characteristics of an LCD in which the present invention is implemented demonstrate 
.do™, ™" 9 a " 9le characteristic is 1 uite excellent and equal to or greater than those of not only a TN LCD but also 
£!L 1J" i . Ve " me LCD iS Viewed from its front side - the viewin 9 an 9'e characteristic is quite excellent, and 
f?n c ^ ra i'° ' S I °' (,WiCe 38 hi9h 38 that olter8d by the ™ LCD > 711(5 transmittance offered by the TN 
?" ?^°^ ered by * e ' PS LCD iS 20 % - and * e one o"** 1 *>y the P resent Mention is 25 %. The trans- 

n^S^H? ? PfeSent ti0n 15 ,0W6r than me 0ne offered by the ™ LCD but hi 9 her I"* 1 one offered 
by the IPS LCD. A response speed is outstandingly higher than those offered by the other modes. For example as far 

as equivalent panels are concerned, a TN LCD panel exhibits an on speed (tor transition from 0 V to 5 V) of 23 ms an 

off speed (for tranation from 5 V to 0 V) of 21 ms. and a response speed (on + off) of 44 ms. while an IPS LCD panel 
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exhibits an on speed of 42 ms, an off speed of 22 ms, and a response speed of 64 ms. According to the mode of the 
present invention, the on speed is 9 ms, the off speed is 6 ms. and the response speed is 15 ms. Thus, the response 
speed is 2.8 times higher than the one offered by the TN mode and 4 times higher than the one offered by the IPS 
mode, and is a speed causing no problem in display of a motion picture. 

Furthermore, in the mode of the present invention, when no voltage is applied, vertical alignment is achieved. When 
a voltage is applied, protrusions, dents, or oblique electric fields determine directions in which liquid crystalline mole- 
cules tilt. Unlike the ordinary TN or IPS mode, rubbing need not be carried out. In the process of manufacturing a panel, 
a rubbing step is a step likely to produce the largest amount of refuse. After the completion of rubbing, substrates must 
be cleaned (with running water or IPA) without fail. The cleaning may damage an alignment film, causing imperfect 
alignment. By contrast, according to the present invention, since the rubbing step is unnecessary, the step of cleaning 
substrates is unnecessary. 

Fig. 13 is a diagram showing the overall configuration of a liquid crystal panel of the first embodiment of the present 
invention. As shown in Fig. 1 3. the liquid crystal panel of the first embodiment is a TFT LCD. A common electrode 1 2 is 
formed on one glass substrate 16. The other glass substrate 17 is provided with a plurality of scan bus lines 31 formed 
parallel to one another, a plurality of data bus lines 32 formed parallel to one another vertically to the scan bus lines, 
and TFTs 33 and cell electrodes 13 formed like a matrix at intersections between the scan bus lines and data bus lines. 
The surfaces of the substrates are processed for vertical alignment. A negative liquid crystal is sealed in between the 
two substrates. The glass substrate 16 is referred to as a color filter (CF) substrate because color filters are formed, 
while the glass substrate 1 7 is referred to as a TFT substrate. The details of the TFT LCD will be omitted. Now, the 
shapes of the electrodes which are constituent features of the present invention will be described. 

Figs. 14A and 14B are diagrams showing the structure of a panel in accordance wfth the first errfcodiment of the 
present invention. Fig. 14A is a diagram illustratively showing a state in which the panel is seen obliquely, and Fig. 14B 
is a side view of the panel. Fig. 15 is a diagram showing the relationship between a pattern of protrusions and pixels in 
the first embodiment, Rg. 16 is a diagram showing the pattern of protrusions outside a display area of a liquid crystal 
panel of the first embodiment, and Fig. 1 7 is a sectional view of the liquid crystal panel of the first embodiment. 

As shown in Fig. 17, a black matrix layer 34, an ITO film 12 providing color filters and a common electrode, and 
protrusions 20 parallel to one another with an equal pitch among them are formed on the surface of a side of a CF sub- 
strate 16 facing a liquid crystal. The ITO film and protrusions are coated with a vertical alignment film that is omitted 
therein. Gate electrodes 31 forming gate bus lines, CS electrodes 35. insulating films 40 and 43, electrodes forming 
data bus lines, an ITO film 13 providing pixel electrodes, and protrusions parallel to one another with an equal pitch 
among them are formed on the surface of a side of a TFT substrate 17 facing the liquid crystal. The TFT substrate is 
further coated with a vertical alignment film, though the vertical alignment film is omitted from the figure Reference 
numerals 41 and 42 denote a source and drain of a TFT. In this embodiment, protrusions 20A and 20B are made of a 
TFT flattening material (positive resist). 

As shown in Fig. 14A, the pattern of the protrusions 20A and 20B is a pattern of parallel protrusions extending 
straightly and arranged with an equal pitch among them. The protrusions 20A and 20B are arranged to be offset by a 
half pitch. The structure shown in Fig. 14B is thus realized. As mentioned in conjunction with Fig. 9B, the orientation of 
the liquid crystal is divided into two directions to thus divide each domain into two regions. 

The relationship of the pattern of protrusions to pixels is shown in Fig. 15. As shown in Fig. 15, in a general color- 
display liquid crystal display three pixels of red, green, and blue constitute one color pixel. The width of each of the red 
green, and blue pixels is approximately one-third of the length thereof so that color pixels can be arrayed with the same 
gap kept above and below them. A pixel defines each pixel electrode. Among arrayed pixel electrodes, gate bus lines 
(hidden behind the protrusions 20B) are laid down sideways, and data bus lines 32 are laid down lengthwise The TFTs 
33 are located near intersections between the gate bus lines 31 and data bus lines 32, whereby the pixel electrodes are 
interconnected. Opposed to the gate bus lines 31 , data bus lines 32. and TFTs 33 included in the respective pixel elec- 
trodes 13 are black matrices 34 tor intercepting light. Reference numeral 35 denotes CS electrodes used to provide a 
storage capacitor for stabilizing display are placed. Since the.CS electrodes are light-interceptive, the CS-electrode por- 
tions of the pixel electrodes 13 do not work as pixels. Consequently, each pixel is divided into an upper part 13A and 
lower part 13B. 

In eacti of the pixels 13A and 13B, three protrusions 20A are lying and four protrusions 20B are lying Three first 
regrore each having the protrusions 20B on the upper side of the panel and the protrusions 20A on the lower side 
thereof and three second regions each having the protrusions 20A on the upper side thereof and the protrusions 20B 
on the lower side * thereof are defined in one pixel composed of the pixels 13A and 13B. In the pixel composed of the 
pixels 13A and 13B, a total of six regions of the first and second regions are defined 

As shown in Fig. 16. on the margin of the liquid crystal panel, the pattern of the protrusions 20A and 20B is extend- 
ing outs.de topmost pixels and beyond rightmost pixels. This is intended to allow orientation division to occur in the out- 
ermost pixels in the same manner as that in the inner pixels. 

Figs. 18A and 18B are diagrams showing the position of a liquid-crystal injection port of the liquid crystal panel 100 



EP 0 884 626 A2 



of the first embodiment through which a liquid crystal is injected. As described later, in the process of assembling com- 
ponents to produce a liquid-crystal panel, after the CF substrate and TFT substrate are bonded to each other, a liquid 
crystal is injected. As far as a VA type TFT LCD is concerned, it takes much time to inject a liquid crystal compared with 
the TN LCD in general. Since protrusions are formed, it takes much more time to inject a liquid crystal. For shortening 
the time required for injecting the liquid crystal, as shown in Fig. 18A, a liquid-crystal injection port 102 should preferably 
be formed on a side vertical to the direction in which the protrusions are arrayed parallel to one another on a cyclic 
basis. Reference numeral 101 denotes a sealing line. 

During injection of a liquid crystal, when the interior of the panel is deaerated through exhaust ports 103 formed at 
another positions, the internal pressure decreases. This makes it easy to inject a liquid crystal. The exhaust ports 
should, as shown in Fig. 18B, be located on a side opposite to the side on which the injection port is located. 

Fig. 19 shows contours of protrusions in a prototype defined by performing measurement using a tracer type coat- 
ing thickness meter. As illustrated, the gap between the ITO electrodes 1 2 and 1 3 formed on the substrates is restricted 
to 3.5 micrometers by means of spacers 45. The protrusions 20A and 20B have a height of 1 .5 micrometers and a width 
of 5 micrometers. A pair of upper and lower protrusions 20A and 20B are spaced by 15 micrometers. This means that 
a spacing between adjoining protrusions formed on the same ITO electrodes is 35 micrometers. 

After an intermediate voltage is applied to the panel of the second embodiment, the interior of the panel is observed 
using a microscope. The observation has revealed that very stable alignment is attained. 

Furthermore, in the panel of the first embodiment, a response speed has quite improved. Figs. 20A to 21 are dia- 
grams indicating a changing value of the response speed permitted by the panel of the first embodiment in relation to 
changes in parameters that are an applied voltage and a spacing (gap) between upper and lower protrusions. Fig. 20A 
indicates an on speed (for transition from 0 to 5 V), Fig. 20 B indicates an off speed (for transition from 5 to 0 V), and 
Fig. 21 indicates a switching speed that is a sum of the on speed and off speed. As shown in Figs. 20A to 21 , a fall time 
off is hardly dependent on the spacing but a rise time on varies greatly. The smaller the. spacing is, the higher the 
response speed becomes. Incidentally, the thickness of cells is 3.5 micrometers. The practical value of the spacing var- 
ies slightly depending the thickness of cells. That is to say. when the thickness of cells is small, the spacing is widened. 
When the thickness of cells gets larger, the spacing is narrowed. It has been actually confirmed that as far as the spac- 
ing is about 100 times larger than the thickness of cells, liquid crystalline molecules are aligned properly. 

In any case, the panel of the first embodiment permits the satisfactory switching speed. For example, when the 
spacing between protrusions is 15 micrometers and the thickness of cells is 3.5 micrometers, the response speed for 
transition between 0 and 5 V, that is. the on time on is 9 ms. the off time off is 6 ms, and the switching speed 15 ms. 
Thus, very fast switching can be achieved. 

Figs. 22 to 24B are diagrams showing the viewing angle characteristic of the panel of the first embodiment. Fig. 22 
two-dimensionally shows a change in contrast dependent on a viewing angle, and Figs. 23A to 24B show changes in 
display luminance levels corresponding to 8 gray-scale levels in relation to viewing angles. Fig. 23 A shows a change 
occurring at an azimuth of 90°. Fig. 23B shows a change occurring at an azimuth of 45°, and Fig. 23C shows a change 
occurring at an azimuth of 0°. Rg. 24A shows a change occurring at an azimuth of -45°, and Fig. 24B shows a change 
occurring at an azimuth of -90°. Hatched parts of Fig. 22 indicate areas in which a contrast is 10 or less, and double- 
hatched parts thereof indicate areas in which the contrast is 5 or less. As illustrated, a generally good characteristic is 
exhibited. However, since each pixel is divided vertically into two region, the characteristic is not a perfectly laterally and 
vertically uniform characteristic unlike the one provided by the first embodiment. Deterioration of contrast in a vertical 
direction is little larger than that in a lateral direction. The deterioration of contrast in the lateral direction is smaller than 
that in the vertical direction. However, as shown in Fig. 23C, gray-scale reversal of black occurs at a viewing angle of 
about 30°. Sheet polarizers are bonded in such a way that the absorption axes thereof will fie at 45° and 135° respec- 
tively with respect to an optical axis. The viewing angle characteristic to be exhibited when the panel is viewed in an 
oblique direction is very good. The characteristics offered by this embodiment are overwhelmingly superior to those 
offered by the TN mode. However, this embodiment is slightly inferior to the IPS mode in terms of viewing angle char- 
acteristic. However, once one phase-difference film or optical compensation film is placed on the panel of the first 
embodiment, the viewing angle characteristic of the panel can be improved so greatly that it overwhelms the one offered 
by the IPS mode. Figs. 25 to 26C are diagrams showing a viewing angle characteristic to be exhibited by the panel of 
the first embodiment having the phase-difference film, and correspond to Figs. 22 to 23C. As illustrated deterioration 
of contrast depending on a viewing angle has been drastically overcome. Moreover, gray-scale reversal occurring in a 
lateral direction on the panel has been overcome. On the contrary, gray-scale reversal occurs in a vertical direction dur- 
ing white display. However, generally, grayscale reversal in white display is hardly visible to human eyes and is there- 
fore not counted as a problem in terms of display quality. Thus, once the phase-difference film is employed better 
characteristics than those offered by the IPS mode can be exhibited in all aspects including a viewing angle character- 
istic, response speed, and manufacturing difficulty. 

An attempt was made to discuss optimal conditions by creating various variations of the structure of the first 
embodiment or modifying parameters other than the foregoing ones. In the case of protrusions, when the panel is cfis- 
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played in Hack, light leaks out near the protrusions. Fig. 27 is a diagram for explaining occurrence of light leakage near 
the protrusions. As illustrated, light incident vertically on portions of the electrodes 13 on the lower substrate on which 
the protrusions 20 are formed is transmitted to some extent because liquid crystalline molecules are as illustrated 
aligned obliquely along the inclined surfaces of the protrusions 20. This results in halftone display. By contrast, liquid 
crystalline molecules near the apices of the protrusions are aligned in a vertical direction. No light therefore leaks out 
near the apices. The same applies to the electrode 12 on the upper substrate. During black display, near the protru- 
sions, halftone display and black display are carried out partially. This partial difference in display is microscopic and 
discernible to naked eyes. The whole display exhibits averaged display intensity. The black display deteriorates a bit, 
whereby contrast deteriorates. The protrusions are therefore made of a material not allowing passage of visible light. 

1 namely, made of material shielding visible light, whereby contrast improves. Even in the second embodiment, when the 
protrusions are made of a material shielding visible light, contrast can be further improved. 

A change m response speed occurring when the spacing between protrusions is varied has been described in con- 
junction with Figs. 20A to 21. A change in characteristic deriving from a change in height of protrusions was measured. 
The width of a photo-resist to be applied for realizing protrusions and the spacing between protrusions were 7 5 
micrometers and 15 micrometers respectively, and the thickness of cells was approximately 3.5 micrometers The 
height of the resist was set to 1.537 urn. 1 .600 urn, 2.3099 urn. and 2.4486 pm. The transmrttance and contrast ratio of 
a prototype were measured. The results of the measurement are shown in Figs. 28 and 29. A change in transmrttance 
dependent on the height of the protrusions (resist) occurring in a white state (when 5 V is applied) is shown in Fig. 30. 
A change in transmrttance dependent on the height of the protrusions (resist) occurring in a black state (when no volt- 
age is applied) is shown in Fig. 31. A change in contrast ratio dependent on the height of the protrusions (resist) is 
shown in Fig. 32. The higher the resist is, the higher the transmittance in the white state (when a voltage is applied) 
becomes. This is presumably attributable to the fact that the protrusions (resist) filling a supplementary role for tilting 
liquid crystalline molecules are large enough to turn down the liquid crystalline molecules in terms of both of figures and 
electrical effects. The transmittance (light leakage) in the black state (when no voltage is applied) increases with an 
increase in height of the resist. This causes black levels to fall and is therefore not very preferable. The causes of light 
leakage will be described in conjunction with Fig. 27. Liquid crystalline molecules lying immediately above the protru- 
sions (resist) and in the spacings between the protrusions are aligned vertically to the surfaces of the substrates Light 
leakage does not occur in these places. However, liquid crystalline molecules lying on the slopes of the protrusions are 
aligned slightly obliquely. As the protrusions get higher, the area of the slopes increases and a light leakage increases 
The contrast (white luminance level / black luminance level) decreases as the resist gets higher. However even 
when the height of the resist is increased to have the same value as the thickness of cells, screen display can be 
achieved without any problem. In this case, as described later, the protrusions (resist) can be designed to fill the role of 
panel spacers. 

Based on the above results, prototypes of liquid crystal displays of size 15 were produced using TFT substrates 
and CF substrates having protrusions of 0.7 micrometers, 1.1 micrometers, 1,5 micrometers, and 2.0 micrometers in 
height. The trend revealed by the results of the experiment was also observed in the actually-produced liquid crystal 
pane s. For actual viewing, because the contrast has been originally high, deteriorations in contrast occurring in the 
panels produced under the different conditions were of a good level. Thus, satisfactory display was achieved This is 
presumably because the panels originally permitted high contrasts and a little decrease in contrast was indiscernible to 
human eyes. Moreover, a panel including protrusions of 0.7 micrometers high was also produced in an effort to detect 
the lower limit of the height of the protrusions working on molecular alignment. Display was perfectly normal Conse- 
quently even when the height of the protrusions (resist) is as small as 0.7 micrometers or less, the protrusions can sat- 
isfactorily work on alignment of liquid crystalline molecules. 

Fig. 33 is a diagram showing a pattern of protrusions in the second embodiment. As shown in Fig. 15 in the first 
ernbod.ment. protrusions are linear and extending in a direction vertical to the longer sides of pixels. In the second 
ernbodimert. protrusions are extending in a direction vertical to the shorter sides of pixels 9. The other components of 
the second embodiment are identical to those of the first embodiment. 

t„m !L 25 l A J? 2528 Sh0w , a modification °* the second embodiment, wherein Fig. 252A shows a protrusion pat- 
SST'Jnf? ' S a J ect, ° na ' ***** ,ne arrangement of the protrusion arrangement. In this modification, the 

th^Zl ITT °" To e,6Ctr0de 12 ° n *• Skte °' <he CF ****** 1 6 is in such « as to pass 

through the center of the pixel 9 and to extend in a direction perpendicular to the minor side of the pixel 9. No protrusion 

2 JSfSL" % Side o«S 6 T 7 SUbStrate 17 Theref0re ' me ,iquid crystel is oriemed in erections inskle each 
£££££ 9 : JJ"h d ° main iS diVid6d b/ <he Pr0trUSi ° n 20A 31 * e center of the I** Since *e edge of 
Svt?h?^H ser T asthedomam re9Ulatin9 "^"round the pixel electrode 13. the orientation can be divided 

2Jf ; T V ° ne prDtruS '° n is disposed eacn Di * el and «h* distance between the protrusion 20A 

e^^ r„ P ^^ eCtr0de 13 ii° reat Therefore ' *• reSDOnse speed becomes lower * second 
of^fj hi T ? I If 0n Pr0CeSS beC ° meS Simp ' er b6CauSe * e protrusion is dis P° sed °" °n'y one of the sides 
of the substrate. Further, because the occupying area of the protrusion inside the pixel is small, display luminance can 
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be improved. 

Fig. 253 shows a protrusion pattern of another modification of the second embodiment. The protrusion 20A dis- 
posed on the electrode 1 2 on the side of the CF substrate 1 6 is positioned at the center of the pixel 9, and no protrusion 
is disposed on the side of the TFT substrate 1 7. The protrusion 20A is a pyramid, tor example. Therefore, the liquid crys- 
tal is oriented in four directions inside each pixel. This modification can obtain the same effect as that of the modification 
shown in Fig. 255 and because the occupying area of the protrusion inside the pixel is further smaller, display lumi- 
nance can be all the more improved. 

In the first and second embodiments, numerous linear protrusions extending unidirectionally are located parallel to 
one another. Orientation division caused by the protrusions divides each domain mainly into two regions. Azimuths with 
which liquid crystalline molecules in two regions are aligned differ from each other by 180°. The viewing angle charac- 
teristic for a halftone exhibited relative to light components propagating inside a panel with azimuths including an azi- 
muth corresponding to a direction in which liquid crystalline molecules are aligned vertically to the substrates will be 
improved as shown in Figs. 9A to 9C. As for the viewing angle characteristic exhibited relative to light components prop- 
agating vertically to the light components, the problem described in conjunction with Figs. 7A to 7C occurs. For this rea- 
son, orientation division should preferably be division of the orientation into four directions. 

Fig. 34 is a diagram showing a pattern of protrusions in the third embodiment. As shown in Fig. 34, in the third 
embodiment, a pattern of protrusions extending lengthwise and a pattern of protrusions extending sideways are created 
within each pixel 9. Herein, the pattern of protrusions extending lengthwise is created in the upper half of one pixel, and 
the pattern of protrusions extending sideways is created in the lower half thereof. In this case, the pattern of protrusions 
extending lengthwise divides the orientation of the liquid crystal sideways into azimuths that are mutually different by 
180°, that is, divides each pixel or domain sideways into two regions. The pattern of protrusions extending sideways 
divides the orientation of the liquid crystal lengthwise into azimuths that are mutually different by 180°, that is, divides 
each pixel or domain lengthwise into two regions. Consequently, the orientation of the liquid crystal within one pixel 9 is 
divided into four directions. Talking of the whole liquid crystal panel, the viewing angle characteristics thereof relative to 
both the vertical direction and lateral direction are improved. In the third embodiment, the components other than the 
pattern of protrusions are identical to those of the first embodiment. 

Fig. 35 is a diagram showing a modification of the pattern of protrusions of the third embodiment. This modification 
is different from the third embodiment shown in Fig. 34 in a point that a pattern of protrusions extending lengthwise is 
created in the left-half of each pixel, and a pattern of protrusions extending sideways is created in the right half thereof. 
Even in this case, like the patterns of protrusions shown in Fig. 34, the orientation of the liquid crystal is divided into four 
directions within each pixel 9. The viewing angle characteristics of the panel relative to both the vertical direction and 
lateral direction are improved. 

The first to third embodiments use protrusions as a domain regulating means for realizing orientation division. As 
shown in Fig. 36, the alignment of liquid crystalline molecules near the apices of the protrusions is not regulated at all. 
Near the apices of the protrusions, the alignment of liquid crystalline molecules is therefore not controlled to deteriorate 
display quality. The fourth embodiment is an example for solving this kind of problem. 

Figs. 37A and 37B are diagrams showing the shapes of protrusions in the fourth embodiment. The other compo- 
nents are identical to those of the first to third embodiments. In the fourth embodiment, as shown in Fig. 37A, the pro- 
trusions 20 are partly tapered. The length of the taper portions is about 50 micrometers or less than it. For creating a 
pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions and taper portions 
are created by performing slight etching. With the thus created protrusions, the alignment of liquid crystalline molecules 
near the apices of the protrusions can be controlled. 

Moreover, in a modification of the fourth embodiment, as shown in Fig. 37B, tapered juts 46 are formed on each 
protrusion 20. Even in this case, the length of each tapered portion is about 50 micrometers or less than it. For creating 
a pattern of this kind of protrusions, the pattern is drawn using a positive resist, and the protrusions 20 are created by 
performing slight etching. A positive resist whose thickness is about a half of the height of the protrusions is applied 
and the tapered juts 46 on the protrusions 2 are left intact by performing slight etching. With the juts, the alignment of 
liquid crystalline molecules near the apices of the juts can be controlled. 

Figs. 38A and 38B are diagrams showing the structure of a panel in the fifth embodiment. Fig. 38A is a diagram 
illustratively showing a state in which the panel is seen obliquely, and Fig. 38B is a side view. The fifth embodiment is 
an example in which the structure of a panel corresponds to the structure shown in Fig. 12C. The protrusions 20A are 
created as illustrated on the electrode 12 (herein, a common electrode) formed on the surface of one substrate by 
applying a positive resist, and the slits 21 are created in the electrodes 1 3 (herein, cell (pixel) electrodes) formed on the 
surface of the other substrate. 

Cost serves as an important factor for determining whether a liquid crystal display device could become commer- 
cially successful or not. The liquid crystal display device of the VA system and, particularly, the VA system equipped with 
a domain regulating means features a high display quality as described above but becomes expensive due to the pro- 
vision of the domain regulating means and. hence, it has been desired to further decrease the cost 
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When the protrusion is formed on the electrode, the photoresist that is applied must be exposed to light through a 
pattern followed by developing and etching, requiring an increased number of steps and increased cost, deteriorating 
the yield. On the other hand, the pixel electrode must be formed by patterning, and the number of the steps does not 
increase despite a pixel electrode having a slit is formed. On the side of the TFT substrate, therefore, the cost can be 
decreased when the domain regulating means is formed by slits rather than protrusions. On the other hand, the oppos- 
ing electrode of the color filter substrate (CF substrate) is usually a flat electrode. When a slit is to be formed in the 
opposing electrode, an etching step must be executed after the patterned photoresist is developed. When the protru- 
sion is to be formed on the opposing electrode, however, the developed photoresist can be used in its form without 
much driving up the cost of forming the protrusion. Like in the liquid crystal display device of the first embodiment of the 
i present invention, therefore, the domain regulating means on the side of the TFT substrate is formed by a slit in the pixel 
electrode and the domain regulating means on the side of the color filter substrate is formed by a protrusion drivina ud 
the cost little. • » p 

Fig. 39 is a diagram showing a pattern of slits of each pixel electrode in a modification of the fifth embodiment. This 
modification corresponds to an example in which the protrusions 20B are replaced with the slits 21 in the third embod- 
iment. 

When a slit is formed in the pixel electrode to divide it into a plurality of partial electrodes, the same signal voltage 
must be applied to these partial electrodes, and electric connection portions must be provided to connect the partial 
electrodes together. When the electric connection portions are formed on the same layer as the pixel electrodes, orien- 
tation of liquid crystals is disturbed in the electric connection portions impairing viewing angle characteristics lumi- 
nance of the panel and response speed. 

According to this as shown in Fig. 39. therefore, the electric connection portions are formed in the perimeter of the 
pixel electrode 13 and are shielded by the black matrices (BM) 34 to obtain luminance and response speed comparable 
wrth those of when protrusions are formed on both of them. In this embodiment in which the CS electrode 35 having 
light-shielding property is provided at the central portion of the pixel, the pixel is divided into upper and lower two por- 
tions. Reference numeral 34A denotes an opening of the upper side defined by BM, and 34B denotes an opening of the 
lower side defined by BM, and light passes through the inside of the openings. 

The bus lines such as gate bus lines 31 and data bus lines 32 are made of a metal material and have light-shielding 
property. To obtain stable display, the pixel electrodes must be so formed as will not be superposed on the bus lines 
and light must be shielded between the pixel electrodes and the bus lines. Furthermore, when amorphous silicon is 
used as operation semiconductor, the element characteristics undergo a change upon the incidence of light giving rise 
to the occurrence of erroneous operation. Therefore, the TFT portions must be shielded from light. Therefore the BM 
34 has heretofore been provided for shielding light for these portions. According to this embodiment, the electric con- 
nection portions are provided in the perimeter of the pixel, and light is shielded by the BM 34. There is no need to newly 
provide the BM for shielding light for the electric connection portions; i.e.. the conventional BM may be used or the BM 
may be slightly expanded without decreasing the numerical aperture to a serious degree. 

The panel of the fifth embodiment is of a type in which each pixel is divided into two portions, and therefore basi- 
cally exhibits the same characteristics as the one of the first embodiment. The viewing angle characteristic of the panel 
becomes identical to that of the panel of the second embodiment when the phase-difference film or optical compensa- 
jon film is employed. The response speed of the panel is slightly lower than that of the panel of the first embodiment 
because oblique electric fields induced by the slits formed in one substrates arc utilized. Nevertheless the on speed is 

!« mS J f 1 ! °!. SPeed 15 9 mS - and ,he swrtchinfl speed fe 1 7 ms ^ nus> «» response speed is much higher than the ones 
offered by the conventional modes. As mentioned above, display is seen little irregular. However, the manufacturing 
process is simplerthan those of the first and second embodiments. For example, in the course of forming (TO pixel elec- 
tees (cell electrodes) on a TFT substrate, the electrodes are slitted. A pattern of protrusions is then drawn on a com- 
mon electrode usrng a photo-resist. As already described, the rubbing step is unnecessary, and the associated after- 
rubbing cleaning step can therefore be omitted. 

. For J e referen <*. themeasurement results of an example in which slits are provided on the cell (pixel) electrode 
w?l ^ ?£ tHe c ^ nter electrode is descri *a example. Ihe cell electrodes have the slits, and the 

Jr? P ? ?* arede,ermined P r °P er| V- to this constitution, stable alignment is attained, that is, liquid 

SSS T?"^ Z\ f 9 ^ a " azimu,h8 ° f 3600 inside wa,,s defined "»» <*** u ° Metric fields induced near 
the site. The liquid crystalline molecules are aligned in all azimuths of 360- within each small region. The viewing angle 
charactenstc of the pane, is therefore excellent. An image that is seen homogeneous in all azimuths of sTo- can be 

SXf 3 reSPOnS f SpGSd h3S not been *• « ^ is 42 ms, and an off speed is 15 ms A 

switching speed that is a sum of the on and off speeds is 57 ms. Thus, the response speed has not beenlmprovedTerv 

Z* 2^ ^LT^ 6 ^" 5 " dfep,ayin9 8 8ti " ima9e ^ ^eXonsTspeed is not ZZgSZZ 

M^SSSS^T T £ ' PS mo * " 3 " Umber * •» 8Mte * decreased - 'esP°nse speed is 

further decreased. This is presumably that when the number of the slits is decreased, the area of each domain 

becomes large, and .t lengthens a time in which all liquid crystalline molecules are oriented 
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In the fifth embodiment, when a voltage is applied, the liquid crystal has portions, in which molecular alignment is 
unstable. The reason will be described with reference to Figs. 40 and 41 . Fig. 40 is a diagram illustrating the distribution 
of orientation of liquid crystalline molecules in the electric connection portions. In a portion where the protrusion 20A 
and the slit 21 are provided in parallel, the liquid crystalline molecules are oriented in a direction perpendicular to the 
direction in which the protrusion and the slit extend as viewed from the upper side. In the electric connection portion, 
however, the liquid crystalline molecules 14a are oriented in different directions, developing abnormal orientation. 
Therefore, as shown in Fig. 41 , liquid crystalline molecules in the spaces between the protrusions 20A and the slits 21 
of the electrodes are aligned in a direction vertical (vertical direction in the drawing) to the protrusions 20A and slits 21 . 
Near the apices of the protrusions and the centers of the slits, liquid crystalline molecules are aligned in a horizontal 
direction but not in the vertical direction. Oblique electric f ields induced by the slopes of the protrusions or the slits ena- 
ble control of the liquid crystal in the vertical direction in the drawing but cannot enable control in the lateral direction. 
For this reason, a random domain is produced sideways near the apices of the protrusions and the centers of the slits. 
This has been confirmed through microscopic observation. A domain near the apex of a protrusion is too small to be 
discerned, causing no problem. However, an area occupied by a domain having liquid crystalline molecules aligned 
sideways and lying near a slit is so large as to be discerned even by naked eyes. When the domain is produced regu- 
larly, even if the domain is large, it will not be cared. However, when the domain is produced at random, an image is 
seen irregular. This leads to deteriorated display quality. The panel in the fifth embodiment makes a little poor impres- 
sion on image quality compared with the one provided by the first embodiment, though display has no problem. 

Abnormal orientation causes the luminance of the panel and the response speed to decrease. For example, a com- 
parison of a practical device in which an electric connection portion is formed at the central portion of the pixel electrode 
with a practical device in which a protrusion is provided, indicates abnormal conditions such as a drop in the luminance 
and a residual image in which white appears bright for a moment when black changes into white. In the sixth embodi- 
ment, this problem is solved. 

A panel of the sixth embodiment is provided by modifying the shape of the protrusions 20A and that of the slits 21 
in the cell electrodes 13 in the panel of the fifth embodiment. Fig. 42 is a diagram showing the shape of the protrusions 
20A of the sixth embodiment and that of the cell electrodes 1 3 thereof which are seen in a cfirection vertical to the panel. 
As illustrated, the protrusions 20A are zigzagged. Owing to this shape, as shown in Fig. 43, a domain divided regularly 
into four regions is produced. Consequently, irregular display that poses a problem in the fifth embodiment can be over- 
come. 

Fig. 44 is a plan view of a pixel portion in the LCD according to a sixth embodiment of the present invention. Fig. 
45 is a diagram illustrating a pattern of a pixel electrode according to the sixth embodiment, and Fig. 46 is a sectional 
view of a portion indicated by A-B iaFig. 44. 

Referring to Figs. 44 and 46, in the LCD of the sixth embodiment, on one glass substrate 16 are formed a black 
matrix (BM) 34 for shielding light and a color decomposition filter (color filter) 39. and a common electrode 1 2 is formed 
on one surface thereof. Moreover, sequences of protrusions 20 A are formed in a zig-zag manner. The glass substrate 
16 on which the color filter 39 is formed is called color filter substrate (CF substrate). On the other glass substrate 17 
are formed a plurality of scan bus lines 31 arranged in parallel, a plurality of data bus lines 32 arranged in parallel in a 
direction perpendicular to the scan bus lines, TFTs 33 arranged like a matrix to correspond to the intersecting points of 
the scan bus lines and the data bus lines, and display pixel (cell) electrodes 13. The scan bus lines 31 form gate elec- 
trodes of the TFTs 33, and the data bus lines 32 form drain electrodes 42 of the TFTs 33. The sources 41 are formed 
in the same layers as the data bus lines 32 and are formed simultaneously with the formation of the drain electrodes A 
gate-insulating film, an amorphous silicon active layer and a channel protection film are formed on predetermined por- 
tions between the scan bus line 31 and the data bus line 32, an insulating film is formed on the layer of the data bus line 
32 and. besides, an ITO film corresponding to the pixel electrode 13 is formed thereon. The pixel electrode 13 is of a 
rectangular shape of 1:3 as shown m Fig. 45, and has a plurality of slits 21 in a direction tilted by 45 degrees with 
respect to the sides thereof. In order to stabilize the potential of every pixel electrode 13. furthermore, a CS electrode 
35 is provided to form a storage capacitor. The glass substrate 1 7 is called TFT substrate. 

As shown, the sequences of protrusions 20A of the CF substrate and the slits 21 of the TFT substrates are 
arranged being deviated by one-half pitch of their arrangement so that the substrates maintain an inverse relationship 
The protrusions and the slits maintain a positional relationship as shown in Fig. 12C, and the orientation of the liquid 
crystals is divided into four directions. As described above, the pixel electrode 13 is formed by forming an ITO film 
applying a photoresist thereon, exposing it to light through a pattern of electrode, followed by developing and etching" 
Therefore, the slit can be formed through the same step as the conventional step if the patterning is so effected as to 
remove the portion of the slit, without driving up the cost. 

Upon forming the slits in the pixel electrode 13, the pixel electrode 13 is divided into a plurality of partial electrodes 
Here however, a signal of the same voltage must be applied to the partial electrodes and. hence, the partial electrodes 
must be electncally connected together. According to this embodiment as shown in Fig. 45, therefore the pixel elec- 
trode 13 is not completely divided by slits, but the electrode is left at the perimetric portions 131 , 132 133 of the pixel 
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electrode 13 to form electric connection portions. As described above, the alignments of the molecules are disturbed 
near the electric connection portions. Therefore, according to this embodiment as shown in Rg. 10, the electric connec- 
tion portions are formed in the perimeter of the pixel electrode 13 and are shielded by the BM 34 to obtain luminance 
and response speed comparable with those of when protrusions are formed on both of them. In this embodiment in 
which the CS electrode 35 having light-shielding property is provided at the central portion of the pixel, the pixel is 
divided into upper and lower two portions. Reference numeral 34A denotes an opening of the upper side defined by BM t 
and 34B denotes an opening of the lower side defined by BM. and light passes through the inside of the openings. 

Figs. 47 to 48C are diagrams showing a viewing angle characteristic exhibited by the sixth embodiment. As illus- 
trated, the viewing angle characteristic is excellent and irregular display is overcome. Moreover, a response speed is as 
» high as a switching speed is 17.7 ms. Thus, very fast switching can be achieved. 

Figs. 49A and 49B illustrate another example of the pattern of the pixel electrode, wherein the BM 34 shown in Fig. 
49B is formed on the pixel electrode 1 3 shown in Fig. 49A. The pattern of the pixel electrode can be modified in a variety 
of ways. For example, electric connection portions may be formed in the perimeter on both sides of the slit to decrease 
the resistance between the partial electrodes. 

In the fifth and sixth embodiments, slits can be provided in the place of the protrusions on the counter electrode 1 2. 
Namely, both of the domain regulating means are realized by the slits. However, in this constitution, the response speed 
is decreased. 

In the sixth embodiment, the electric connection portions are formed in the same layer as the partial electrodes. 
The electric connection portions, however, may be formed in a separate layer. A seventh embodiment deals with this 
case. 

Figs. 50A and SOB are diagrams illustrating a pattern and a structure of the pixel electrode according to the seventh 
embodiment. The seventh embodiment is the same as the sixth embodiment except that the connection electrode 1 34 
is formed simultaneously with the formation of the data bus line 32, and a contact hole is formed in the insulating layer 
135 to connect the partial electrode 13 to the connection electrode 134. In this embodiment, the connection electrode 
134 is formed simultaneously with the data bus line 32. However, the connection electrode 134 may be formed simul- 
taneously with the gate bus line 31 or the CS electrode 35. The connection electrode may be formed separately from 
the formation of the bus line. In this case, however, a step must be newly provided for forming the connection electrode 
i.e., a new step must be added. In order to simplify the steps, it is desired to form the connection electrode simultane- 
ously with the formation of the bus line or the CS electrode. 

In the seventh embodiment, the connection electrode which becomes a cause of abnormal orientation is more sep- 
arated away from the liquid crystal layer than that of the sixth embodiment, making it possible to further decrease abnor- 
mal onentation. When the connection electrode is formed of a light-shielding material, such a portion is shielded from 
light, and the quality of display is further improved. 

Fig. 51 is a plan view of a pixel portion according to a eighth embodiment, and Rg. 52 is a sectional view of a por- 
tion A-B in Fig. 51 The eighth embodiment is the same as the sixth embodiment except that a protrusion 20C is formed 
m the slit of the pixel electrode 13. Both the slit of the electrode and the insulating protrusion formed on the electrode 
define the orientation region of the liquid crystals. When the protrusion 20C is formed in the slit 21 as in this embodi- 
ment, the directions of orientation of the liquid crystals due to the slit 21 and the protrusion 20C are in agreement the 
protrusion 20C assisting the division of orientation by the slit 21 , to improve stability. Therefore, the orientation is more 
stabilized and the response speed is more increased than those of the first embodiment. Referring to Rg 52 the pro- 
trusion 20C is formed by laminating the layers that are formed when the CS electrode 35, gate bus line 31 and'data bus 
line 32 are formed. 

Figs. 53A to 53J are diagrams illustrating a process for producing a TFT substrate according to the eighth embod- 
iment In Fig. 53A. a metal film of the gate layer is formed on a glass substrate 17. In Fig. 53B, portions corresponding 
to gate bus lines 31 , CS electrodes 35 and protrusions 312 are left relying upon the photolithography method. In Fig 
c c t^ ,nS L Ulat ' n9 ,l,rT1, an amor P hous si,icon activ e layer and a channel protection film are continuously formed In 
F.g^ 53D frie channel protection film 314 is left in a self-aligned manner by exposure to light through the back surface 

3 meta ' f ' lm 321 iS f0fmed for f0rmin9 the contact layer and the source^rain layer. In Rg 53F a source 
electrode 41 and a dram electrode 42 are formed relying on the photolithography method. At this moment, 'the metal 
film is left even at a position corresponding to the protrusion 20C on the inside of the slit In Rg. 53G. a passivation film 
33 'Sforrned. In Rg. 53H, a contact hole 332 is formed for the source electrode 41 and the pixel electrode In Fig 53! 
an ITO film 341 .s formed. In Rg. 53J. a pixel electrode 13 is formed by the photolithography method. Slits are formed 
at this moment. 

i , A £°? 2 9 to ** embodimen1 as described above, the protrusion 20C is formed in the slit 21 of the pixel electrode 
13 wrthouthowever. increasing the number of the steps compared with the conventional process. Besides the orien- 
tation .sfurther stabilized owing to the protrusion 20C. In this embodiment, the protrusion in the slit of the pixel electrode 
SUP6rpOSi " 9 J ree J 1 &S - ' e - <> ate ,ine ,a V er - *>"nel protection layer and sourceydrain layer. The pro- 
trusion, however, may be formed by one layer or by a combination of two layers 
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Fig. 54 is a diagram showing the shape of the protrusions 20A and 20B in the ninth embodiment which are seen in 
a direction vertical to the panel. Fig. 55 is a diagram showing a practical plan view of pixel portions of the ninth embod- 
iment. A panel of the ninth embodiment of the present invention is provided by zigzagging the protrusions 20A and 20B 
in the panel of the first embodiment lite those in the one of the sixth embodiment As illustrated, the protrusions 20A 
and 20B are zigzagged so that an orientation causing each domain to be divided into four regions can be attained. The 
directions of the surfaces of each protrusion reaching and receding from a bent are mutually different by 90°. Since liq- 
uid crystalline molecules are aligned in a direction vertical to the surfaces of each protrusion, an orientation causing 
each domain to be divided into four regions can be attained. In practice, a panel in which a thickness of the liquid or ystal 
layer is 4.1 u m. a width and height of the protrusions 20A are respectively 10 um and 4 urn. a width and height of the 
i protrusions 20B are respectively 5 um and 1 .2 um. a gap between the protrusions 20A and 20B (a distance in the direc- 
tion shifted by 45° from the horizontal line in the figure) is 27.5 um. and a size of the pixel (pixel arrangement pitches) 
is 99 um x 297 um has been made. As a result of measurement of this panel, the response speed of the panel is iden- 
tical to that of the panel of the first embodiment. The viewing angle characteristic thereof is identical to the one in the 
sixth embodiment, and is so excellent as to demonstrate that the orientation is divided vertically and laterally uniformly. 
Optimal values of the width, height and gap of the protrusions have relations to each other. Further, they are changed 
according to materials of the protrusions, vertical alignment film, liquid crystal, a thickness of the liquid crystal layer and 
so forth. 

In the panel in the ninth embodiment, the direction of tilt of liquid crystalline molecules can be controlled to include 
four directions. Regions A. B. C, and D in Fig. 54 are regions to be controlled so that liquid crystalline molecules therein 
will be aligned in the four directions. The ratio of the regions within one pixel is uneven. This is because the pattern of 
protrusions is continuous and is located in the same way in all pixels, and a pitch of repeated patterns of protrusions is 
matched with a pitch of arrayed pixels. In reality, the viewing angle characteristic shown in Fig. 47 to 48C is exhibited 
but does not reflect the uneven ratio of regions resulting from orientation division. However, this state is not very pref- 
erable. The pattern of protrusions shown in Fig. 54 is therefore formed all over the substrates with the pitch of pixels 
ignored. The width of a resist is 7 micrometers, an interval between resist lines is 15 micrometers, the height of the 
resist is 1.1 micrometers, and the thickness of cells is 3.5 micrometers. Using a TFT substrate and CF substrate meet- 
ing these conditions, a liquid crystal display of size 15 was produced as a prototype. Some resist lines interfered with 
gate bus lines and data bus lines. Nevertheless, generally good display appeared. Even when the width of the resist 
was increased to be 15 micrometers and the interval between resist lines was increased to 30 micrometers nearly the 
same results were obtained. Consequently, when the width of protrusions and the pitch of repeated patterns are made 
much smaller than the prtch of pixels, even if a pattern of protrusions is drawn with the dimensions of a pixel ignored 
good display can be attained. Besides, the freedom in design expands. For completely preventing interference with bus' 
lines, the pitch of repeated patterns of protrusions or dents should be set to an integral submultiple or multiple of the 
pitch of pixels. Ukew.se. a cycle of protrusions must be designed in consideration of a cycle of pixels and should pref- 
erably be set to an integral submultiple or multiple of the pitch of pixels. 

In the ninth embodiment, when a pattern of protrusions that is discontinuous like the one shown in Fig 56 is 
adopted^the ratio of regions within one pixel in which liquid crystalline molecules are aligned in four different directions 
is even. There is st.ll no particular problem in manufacturing. However, since the pattern of protrusions is discontinuous 
the orientation of the liquid crystal is disordered at the edges of patterns. This leads to deteriorated display quality such 
aS JT ?t 9 Z EV6P fr ° m ** view P° int - Preferably, the pitch of repealed patterns of protrusions should be matched 
with the pitch of arrayed pixels, and a continuous pattern of protrusions should be adopted 

■„ the .r i "! h embodiment ' the Prawns 0 f dielectric materials are formed in a zig-zag manner on the electrodes 
12, 13 as the (terrain regulating means and the protrusions regulate the alignment direction of the liquid crystalline mol- 

S?.^l?f 8Cn S "^t *" SlitS Pf0Vided °" the 6lectrodes ^rate oblique electric fields, at the edges thereof, 
and the oWique electric fields operate as the domain regulating means. The edges of the cell (pixel) electrodes also 
generate oblique elecjricfield. Therefore, the oWique electric field must be considered as the domain regulating means 
«m2L .-"S f T d,a9rams tor explaining this phenomenon and shows the case of the vertical orientation 
somewhat inclined from the vertical direction. As shown in Fig. 57A. each liquid crystal partcle 14 is oriented substan 

U? T^TC 00 VOte9e iS ■ ppl>d Upon a PP ,ication ° f « between electrodes 12 and 13. hL 

ZZXEZZ 'f m l?Z!T 5 VertiCal direCti ° n * n me e,8Ct ' 0deS 12 and 13 in the than the perimeter 

, !t !l e ,S 8 CO u mm ° n electrode ' and o^er electrode is a display pixel electrode separated into each disolav 
Pixel Therefore, as shown in Fig. 57B. the direction of the electric field 8 fe inclined at its pen^^^MlS 
liquid crystaHine modules 14 are tilted in the direction perpendicular to the electric field tlSS^SSSJ^ 
qU ' d ,^ Stal - therefore - iS different betWeen *" central porfon «■ * the pixel as shown This phCTom" 

SXSS.'EZ Z^ e m a B *- n Mte to be form * in the disptey pixel - uz 

The reverse tit also occurs in the case where the domain regulating means is used. Fig. 58 is a diagram showing 
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a portion 41 where the schlieren structure can be observed in a configuration formed with the zigzag protrusion pattern 
of the ninth embodiment Fig. 59 is a diagram showing in enlarged form the neighborhood of the portion 41 where a 
schlieren structure is observed and also shows the direction in which the liquid crystalline molecules 14 are tilted upon 
application of a voltage thereto. In this case, protrusions of different materials are formed on the pixel electrode sub- 
strate formed with a TFT and on the opposed substrate formed with a common electrode. A vertical alignment film is 
printed, and the device is assembled without being rubbed. The cell thickness is 3.5 urn. The portion 41 where the 
schlieren structure is observed is where the direction in which the liquid crystalline molecules are fallen by the orienta- 
tion regulation force due to the diagonal electric field is considerably different from the direction of orientation regulation 
due to the protrusions. This reduces the contrast and the response rate, thereby leading to a deteriorated display qual- 
9 ity. 

In the case where the liquid crystal display device configured of a protrusion pattern bent in zigzag in the ninth 
embodiment is driven, the display is darkened in a part of the display pixels, or a phenomenon called an after-image in 
which a somewhat previous display appears remaining occurs in the display of an animation or cursor relocation. Fig. 
60 is a diagram showing a region appearing black in the pixel on the liquid crystal panel configured in the ninth embod- 
; iment. In this region, the change in orientation is found to be very slow upon application of a voltage. 

Fig. 61 A is a sectional view taken in line A-A' in Fig. 60. Fig. 61 B is a sectional view taken in line B-B'. As shown in 
Fig. 60. the section A-A' has a region looking Mack in the neighborhood of the left edge, while the neighborhood of the 
right edge lacks a region appearing black. In correspondence with this, as shown in Fig. 61 A. the direction in which the 
liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably 
different from the direction of orientation regulation due to the protrusions in the neighborhood of the left edge while the 
direction in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighborhood of 
the right edge. In similar fashion, a region looking black is present in the neighborhood of the right edge but absent in 
the neighborhood of the left edge. In correspondence with this, as shown in Fig. 61 B. the direction in which the liquid 
crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field is considerably differ- 
ent from the direction of orientation regulation due to the protrusions in the neighborhood of the right edge while the 
direction in which the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric 
field comparatively coincides with the direction of orientation regulation due to the protrusions in the neighborhood of 
the left edge. 

As described above, the deterioration of the display quality is attributable to the portion where the direction in which 
the liquid crystalline molecules are tilted by the orientation regulation force due to the diagonal electric field at an edge 
of the display pixel electrode is considerably different from the orientation regulation force due to Ihe protrusions upon 
application of a voltage thereto. ^ 

In the case where a liquid crystal display device having a configuration with a protrusion pattern is driven the dis- 
play quality is seen to deteriorate in the neighborhood of the bus line (gate bus line or data bus line) in the pixel This is 
due to the undesirable minute region (domain) formed in the neighborhood of the bus line and the resulting disturbance 
of liquid crystal orientation and reduced response rate. The problem thus is posed of a reduced viewing angle charac- 
teristic and a reduced color characteristic in half tone. 

Figs. 62A and 62B are diagrams showing a fundamental configuration of a LCD according to a tenth embodiment 
A pixel functions within the range defined by a cell electrode 13. which will be called a display region and the remaining 
part a norrtisptay region. Normally, a bus line and a TFT are arranged in a non-display region. A bus line made of a 

™ , fJ^ SWn9 characteristic but a TFT «™*mits 'isW. As a result, a masking member called a black 

matrix (BM) is inserted between a TFT. a cell electrode and a bus line. 

io ^Vr^lT^ I? 1 emb ° diment a P"*«ton 20A is arranged in the non-display region on a common electrode 
L L Cf ! substrate 16 so as to generate an orientation regulation force in a direction different from the orientation 
restriction force exerted due to a diagonal electric field generated by an edge of the cell electrode 13. Fig 62A shows 

2r^2 « "° V0 ^" f aPPli6d - * hiS State ' lk,uid Crysta " ine molecules 1 4 are oriented substantially perpendic- 
riln 2 1** e,eC,r0deS 12 ' 1 3 3nd me pratrusion 20A due to the vertical orientation process, ujnappli- 

cation of a voltage thereto, as shown in Fig. 62B. the liquid crystalline molecules 14 are oriented in the direction 

2?E?!Ir. TOt^r , a " 64,96 * ,h6 ° 8D e ' eCtr0de 1 3 n ° n ^sP'ay region. This diagonal elec- 

tric field tends to orient the liquid crystalline molecules 14 in a direction different from the orientation in the display 

mX^ s rr n ; h n F,s - 57 j ™ e orientatton re9u,ation force * •» «■ «* £222 

molecules 1 4 in the same direcion as in the display region, as shown in Fig 62A ysw»'ne 
iaJ? Fif 2 a tfiasram ***** "Protrusion arrangement pattern in a liquid crystal display device of the tenth embod- 
iment. Fig 64 « a diagram showing, in enlarged form, the portion defined by a circle in Fig. 63. In the tenth embodiment 
a new protrusion 52 ,s formed in the vicinity of the portion where a shlieren structure is observed. ThfsTro^n 5 2 Ts 
connected to and integrally formed with a protrusion arrangement 20A formed on the common aiaSoTS Z rela- 
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tion shown in Figs. 62A and 62B is realized at the portion formed with the protrusion 52. where the orientation of the 
liquid crystalline molecules 14 at an edge of the cell electrode coincides with the orientation in the display region, as 
shown in Fig. 64. Therefore, the scMieren structure that has been observed in Fig. 58 cannot be observed in Fig. 64 for 
an improve display quality. 

Fig. 255 shows a modification in which the protrusion 52 is arranged to face the edge of the pixel electrode 1 3. In 
this modification, no shlieren structure is observed. 

The tenth embodiment, which uses an acrylic transparent resin for the protrusion, can alternatively use a black 
material. The use of a black resin material can shield the leakage light at the protrusion and therefore improves the con- 
trast. This is also the case with the embodiments described below. 
o The protrusion 52 which is formed as a non-display region domain regulating means in the non-display region as 
shown in Figs. 62A to 63 can be replaced by a depression (groove) with equal effect. The depression, however is 
required to be formed on the TFT substrate. 

Any non-display domain regulating means which has an appropriate orientation regulation force can be employed 
The direction of orientation is known to change, tor example, when the light of a specific wavelength such as ultraviolet 
• light is irradiated on the alignment film. Utilizing this phenomenon, it is possible to realize a non-display region domain 
regulating means by changing the direction of orientation in a part of the non-display region. 

Figs. 65A and 65B are diagrams for explaining the change in orientation direction by irradiation of ultraviolet light 
As shown in Fig. 65A. a vertical alignment film is coated on the substrate surface, and a non-polarized ultraviolet light 
is irradiated on it from one direction at an angle of, say. 45° as shown in Fig. 65B. Then, the direction of orientation of 
the liquid crystalline molecules 14 is known to tilt toward the direction in which the ultraviolet light is irradiated 

Fig. 66 is a diagram showing a modification of the tenth embodiment The ultraviolet light is irradiated from the 
direction indicated by arrow 54 on a portion 53 of the alignment film on the TFT substrate opposed to the protrusion 52 
constituting the non-display domain regulating means shown in Fig. 63. As a result, the portion 53 comes to have an 
orientation regulation force acting in such a direction as to offset the effect of the diagonal electric field at the edge of 
the cell electrode 13. Consequently, an effect similar to that of the tenth embodiment shown in Fig. 63 is obtained The 
ultraviolet light, though irradiated only on the TFT substrate in Fig. 66. can alternatively be irradiated only on the CF sub- 
strate 1 6 or on both the TFT substrate and the CF substrate. The direction in which the ultraviolet light is irradiated is 
required to be set optimally striking a balance between the degree of the orientation regulation force in relation to the 
irradiation conditions and the orientation regulation force due to the diagonal electric field 

The non-display region domain regulating means, which reduces the effect of the diagonal electric field generated 
at an edge of the cell electrode on the orientation of the liquid crystalline molecules in the display region and stabilizes 
the orientation of the liquid crystalline molecules in the display region, is applicable to various systems including the VA 
system. 

Now. desirable arrangements of the protrusions and depressions, which operate as the domain regulating means 
which respect to edges of pixel electrodes will be described. Figs. 67A to 67C are 22 diagrams showing fundamental 
relative positions of the edge of the cell electrode and protrusions acting as domain regulating means. As shown in Fig 

i^ 0 " 5 iTT a " 96d 3t the 6(1965 * lhe Ce " 6,ectrode 13 ' or a P f0,rusion 20A is ^naed on the common 

™ f 1 55*? * the Ce " e ' 6Ctr0de 13 35 in R 9- 67B " * another ^native, the protrusion 

20A on the CF substrate is formed inside the display region with respect to the edges of the cell electrode 13. as shown 
m F.g. 67C, while the protrusion 20B on the TFT substrate 1 7 is arranged in the non-display region 
*JL T. Lt™ 3nd 67 ? P"*" 6 *" 8 ar * a^anged at the edges of the cell electrode 13 or in opposed relation 
thereto and the region where the protrusions affect the orientation direction of the liquid crystal isdefined by the edges 
^ « !,!!f I 0 ?" dia9 r a ' 6l6CtriC fi6kJ in the ™«W*y region, therefore, the orientation in the display 
hSo^d whatsoever. Thus, a stable orientation is secured in the display region and the display quality is 

According to the conditions for arrangement shown in Fig. 67C. the orientation restriction force of the diaqonal elec- 

Z T T **rZ 06,1 6leCtr0de 1 3 iS in " w direc,ion as regulation fSce of le SSS 

and therefore a stable orientation can be obtained without developing any domain protons. 

- th ™ 6 ""f 0 " 5 , r 16 ' ^ direction of *» orientation regulation force of the diagonal electric field coincides 
with the direction of the or.entat.on regulation force of the domain regulating means can be realized also using a*~ 

« ^ 9 Pr0trUSi0n - 68 iS 3 dia9ram Sh ° Wing an "P* * «*« «- depression^ foT^zinX 
Z^nlTTT* eql,iVa,en, t0 R9 67C ****** *• P^rusions 20B on me TFT su^strSe 17 are 

Figs. 69A and 69B are diagrams showing an arrangement of a linear (striped) protrusion arrangement consttutino 
a domain regulating means on a LCD realizing the conditions Fig. 67C inWfS LbodhnJ^T^i^nSS 
aZ^n^ 3 3 Me S? ^ Of Figs. 69A and 69B. the protrusion heigSis a^out 2^ ^ 

protrusion width is 7 urn and the inter-protrusion interval is 40 Mm. After two substrates are attached to each IS Z 
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protrusions of the TFT substrate are arranged in a staggered fashion with the protrusions of the CF substrate. In order 
to realize the conditions of Fig. 67C, the protrusions of the TFT substrate 17 are interposed between the cell electrodes 
13. Since a gate bus One 31 is interposed between the cell electrodes 13, however, the protrusion arranged between 
the cell electrodes 13 is located on the gate bus tine 31. 

With the LCD of Figs. 69A and 69B, no undesirable domain is observed and the switching speed is not low at any 
portion. Therefore, a superior display quality is obtained without any after-image. Assuming that the protrusions 20B 
between the cell electrodes 13 in Figs. 69A and 69B are arranged at the edges of the cell electrodes 13. the conditions 
of Fig. 67A can be met, while if the arrangement of the protrusions 20A and 20B is reversed between the two sub- 
strates, on the other hand, the conditions of Fig. 67B are satisfied. The protrusion arranged on or in opposed relation 
to the edges can alternatively be arranged either on the TFT substrate 1 7 or on the CF substrate 16. Considering the 
displacement of the substrates attached to each other, however, the protrusions are desirably formed at the edges of 
the cell electrodes 13 on the TFT substrate 17. 

Figs. 70A and 70B are diagrams showing an arrangement of a protrusion arrangement of another protrusion pat- 
tern for a LCD according to a eleventh embodiment satisfying the conditions of Fig. 67C. Fig. 70A is a top plan view and 
Fig. 70B is a sectional view. As shown, a checkered grid of protrusions is arranged between the cell electrodes 13, and 
protrusions similar in shape to the above-mentioned protrusion pattern are formed sequentially inward of each pixel. By 
use of this protrusion pattern, the orientation in each pixel can be divided into four directions, but not in equal proportion 
Also jn this case, the checkered protrusion pattern is arranged on the gate bus line 31 and the data bus line 32 between 
the cell electrodes 13. 

Also in Figs. 70A and 70B, the conditions of Figs. 67A and 67B are satisfied if the protrusions 20B otherwise inter- 
posed between the cell electrodes 13 are arranged at a portion in opposed relation to an edge of the cell electrode 13 
of the TFT substrate 17 or an edge of the CF substrate. In this case, too, the protrusions are preferably formed at the 
edges of the cell electrode 1 3 on the TFT substrate 17. 

In the example shown in Figs. 70A and 70B. protrusions are formed in rectangular grid similar to the rectangular 
cell electrodes. Since the protrusions are rectangular, however, an equal proportion cannot be secured for all the direc- 
tions of orientation. In view of this, a protrusion arrangement bent in zigzag shown in the ninth embodiment is con- 
ceived. As described with reference to Figs. 58 and 60. however, an undesirable domain is generated in the 
neighborhood of the edges of the cell electrode 13 unless protrusions are formed as shown in Fig. 63. For this reason 
independent protrusions for different pixels, not a continuous arrangement of protrusions as shown in Fig. 71 isthenext 
subject of discussion, in the case where the protrusions 20A and 20B are formed as shown in Fig. 71 however an 
abnormal orientation occurs at the portion indicated by T of the pixel 13, with the result that the difference in distance 
from an electric field controller (TF) 33 poses the problem of a reduced response rate. With the protrusion arrangement 
bent .n zigzag in a rectangular pixel, it is impossible to satisfy the conditions for arrangement of the protrusions in rela- 
te to all the edges of the cell electrode shown in Figs. 67A to 67C. A twelfth embodiment is intended to solve this prob- 

Fig. 72 is a diagram showing the shapes of the cell electrode 13, the gate bus line 31 . the data bus line 32 the TFT 
33 and the protrusions 20A. 20B according to the twelfth embodiment. As shown, in the twelfth embodiment the cell 
electrode 13 has a shape similar to the bent form of the zigzag protrusions 20A, 20B. This shape prevents the occur- 
rence of an abnormal orientation, and the equal distance from the TFT 33 to the end of the cell electrode 13 can 
improve the response rate. According to the twelfth embodiment the gate bus line 31 is also bent in zigzag in conform- 
ance with the shape of the cell electrode 13. 

As far as the protrusions arranged on the gate bus line 31 are formed on the portions in opposed relation to the 
edges of the cell electrode 13 or the edges of the CF substrate, the conditions of Figs. 67A and 67B are satisfied In this 
case, too. the protrusions are desirably formed at the edges of the cell electrode 13 on the TFT substrate 

Nevertheless, the conditions of Figs. 67A to 67C can be met only for the edges parallel to the gate bus line 31 but 

i w ^ ra " el t0 the d3te bUS Nne 32 * 3 result the ,atter is *o effect of the diagonal 

electric field, thereby posing the problem described above with reference to Figs 57A to 60 

■« J^^i^TS** * ,he Ce " electrode 13 ' the line 31 - «*■ line 32. the TFT 

***** "TI^* 1 208 aooortin 9 to a modification of the twelfth embodiment. Unlike in the twelfth embodi- 

^ ? "J* . ,ine 31 Sh9ped in 2i9Zag in conformance «» shape of the cell electrode 13. 
the ce I electrode 13 is shaped as shown ,n Fig. 73, so that the gate bus line 31 is rectilinear while the data bus line 32 
isbent .nz.gzag In F,g. 73. the protrusions 20A and 20B are not independent for different pixels but form a continuous 
protrusion cover.ng a pluralrty of pixels. The protrusion 20B is arranged on the data bus line 32 laid vertical^^^n 
he ce. electrodes 13 thereby to satisfy the conditions of 67C. The Arrangement of F.g. 73 can SSR2££ 

Son 2t L "! ^ 35 Pr0trUSi0nS arra " 9ed °" the data »» 32 ™ ^med^ Wl 

22£ ^S^S 0- ^ 130r * he ^ges of the CF substrate 16. In this case, too, theprot^S 
desirably formed at the edges of the cell electrode 13 on the TFT substrate 17 f> ouusons are 

In the arrangement of Fig. 73. each protrusion crosses the edge of the cell electrode 13 parallel to the gate bus line 



EP 0 864 626 A2 



31 The resulting effect of the diagonal electric field on this portion gives rise to the problem descrbed above with ref- 
erence to Figs. 57A to 60. 

Fig. 74 is a diagram showing another modification of the twelfth embodiment. In the arrangement shown in Fig. 74, 
the protrusions are bent twice in a pixel. The makes the pixel somewhat rectangular in shape as compared with Fig. 73 
and therefore the display is easier to view. 

Fig. 75 is a diagram showing the shapes of the cell electrode 13. the gate bus line 31 , the data bus line 32, the TFT 
33 and the protrusions 20A, 20B according to a thirteenth embodiment. Figs. 76A and 76B are sectional views taken in 
lines A-A' and B-B' in Fig. 75. In order to alleviate the effect of the diagonal electric field at the edges of the cell electrode 
13 with a protrusion arrangement bent in zigzag, the tenth embodiment includes the non-cfisplay region domain regu- 
? lating means arranged outside the display region while the thirteenth embodiment has the cell electrode bent in zigzag, 
both having failed to completely eliminate the effect of the diagonal electric field. In view of this, according to the thir- 
teenth embodiment, the portion where the orientation is liable to be disturbed and an undesirable domain is liable to 
occur as shown in Figs. 58 and 60 is masked by a black matrix 34 to eliminate the effect of the diagonal electric field on 
the display. 

- At the portion A-A" shown in Fig. 75 is free of the effect of the diagonal electric field, the BM 34 is narrowed as 
shown in Fig. 76A, while at the portion B-B' where the diagonal electric field has a considerable effect the width of the 
BM 34 is increased as compared with the prior art so as not to display any image. In this way, the display quality is not 
detenorated nor an after-image or a reduced contrast is caused. The increased area of the BM 34, however reduces 
the luminance of display due to a reduced numerical aperture. Nevertheless, no problem is posed as far as the area of 
the increase of BM 34 is not considerable. 

As described with reference to the tenth to thirteenth embodiments, according to this invention, the effect of the 
diagonal electric field at the edge portions of the cell electrode can be alleviated and therefore the display quality can 
be improved. 7 

In the embodiments as set above, the orientation of liquid crystal is divided by the domain regulating means A 
detailed observation of the orientation in the boundary portion of the domain, however, reveals the fact that the domain 
.s divided in the directions 180' apart at the domain regulating means, that minute domains 90» different in direction 
exist in the boundary portion (on a protrusion, a depression or a slit) between domains and that a region looking black 
exists in the boundary (the neighborhood of the edge of a protrusion, if any) of each domain including a minute domain 
The region looking dark brings about a reduced numerical aperture and darkens the display. As described above the 
liqu.d crystal display device using a TFT requires a CS electrode contributing to a reduced numerical aperture In other 
cases, a black matrix (BM) is provided for shielding the surrounding of the display pixel electrode and the TFT In all of 
these cases, it is necessary to prevent the numerical aperture from being reduced as far as possible 

The use of a storage capacitor with the CS electrode was described above. Let us briefly explain the function of the 
storage capacitor (CS) and the electrode structure. The arcuit of each pixel in a liquid crystal panel having a storage 
capacitor ,s shown in Fig. 77A. As shown in Fig. 17. the CS electrode 35 is formed in parallel to the cell electrode 13 in 
sucha manner as to configure a capacitor element between the CS electrode 35 and the cell electrode 13 through a 
dielectric layer The CS electrode 35 is connected to the same potential as the common electrode 12, and therefore as 
T £ f ' 1*?*% CapaCit ° r 2 iS ,0rmed in parallel t0 the capacitor 1 due to '^d ^ystal. Upon applica- 
n tho J T 960 , J" 6 ? ryStel 1 • 9 VOlta9e iS Similarly applied t0 *» stora 9 e «WHor 2. so that the voltageheld 
in the liquid crystal 1 ,s held also ,n the storage capacitor 2. As compared with the liquid crystal 1. the storage capacrtor 
2 is easily affected by a voftage change of the bus line or the like, and therefore effectively contributes to suppressing 
trm^ IT* ° r 3 andallevia,in 9 due to the TFT-off current The CS electrode 35 ispreferaWy 

termed ,n the same layer as the gate (gate bus line), the source (data bus line) or the drain (cell) electrode oTthe TFT 
elemerrt in order to simphfy the process. Since these e.ectrodes are formed of an opaque metal for see ing the 

JnTSTiSS 1 !? h IT* 35 18 3,80 0Pa<,Ue * deSCTiDed ■ b0 "- *• CS el ^ e * fcrm-IEXlto 
nuMte^re * "**" °' ** ° S ^ 06 USed as a ^ *» deduced 

The liquid crystal display device is required to have an improved display luminance while an effort is being made to 
save power consumption at the same time. The numerical aperture, therefore, is preferably as high isSST/S 
explained above, on the other hand, the light leakage through the slit formed in the protrusion ofthe eSode £ 
improving the display quality deteriorates the dsplay quality. For eliminating this InconLm^f^pS^S!^ 

£^S£££TES nB ma,erial ^ *" " PrS,erab,y "*» 3 BM ° r the fike - NevertheL^ese n^as- 

ures contnbute to a lower numerical aperture. 

- c ^*l an * ernern of Protrusions 20A. 20B and the CS electrode 35 of the embodiments as set above is shown 
m Fig. 77B. The protrusions 20A, 20B and the CS electrode 35 are opaque to the light and the Z£^ J£ZZ 

Sn^a™ 

Figs. 78A and 78B are diagrams showing an arrangement of the protrusions 20 (20A. 20B) and the CS electrodes 



EP 0 884 626 A2 



45 



SO 



55 



35 according to an 14th embodiment. Fig. 78A is a top plan view and Fig. 78B is a sectional view. As shown, a plurality 
of CS electrode units 35 are arranged under the protrusions 20A, 20R For a storage capacitor of a predetermined 
capacitance to be realized, a predetermined area is required of the CS electrode units 35. The combined area of the 
five units into which the CS electrode 35 is divided as shown in Figs. 78A and 78B coincides with the area of the CS 
5 electrode 35 shown of Figs. 77A and 77B. Further, in view of the fact that the CS electrode units and the protrusions 
20A. 20B are all superposed one on another in Figs. 78A and 78B. the numerical aperture is not substantially reduced 
more than it would be reduced by the CS electrode alone. It follows, therefore, that the numerical aperture is not 
reduced by the provision of the protrusions. 

Figs. 79A and 79B are diagrams showing an arrangement of the slits 21 of the electrodes 12 13 and the CS elec- 
ta trcdeunfts 35 according to a mod^ Fig. 79A is a top plan view and Fig. 79B is a sectional 
view^The sifts 21 function as a domain regulating means and are preferably masked for preventing the light leakage 
therethrough. In this modification, the leakage light at the slits 21 is masked by the CS electrode units 35. Since the total 
area of the CS electrode units 35 remains the same, the numerical aperture is not reduced. 

Figs. 80A and 80B are diagrams showing an arrangement of the slits 21 of the electrodes 12 1 3 and the CS elec- 
is trode units 35 according to another modification of the 1 1th embodiment. Fig. 80A is a top plan view' and Fig SOB is a 
sectional v,ew. This modification is identical to the aforementioned modification of Figs. 78A and 78B except that the 
protrusions are bent in zigzag. H 

Figs. 81 A and 81B are diagrams showing an arrangement of the sifts 21 of the electrodes 12 13 and the CS elec- 
trode units 35 according to another modification of the 14th embodiment. Fig. 81 A is a top plan view' and Fig 81 B is a 

'o sectional view. This modification represents the case in which the total area of the protrusions 20A. 20B is larger than 
he total areas of the CS electrode units 35. According to this modification, the CS electrode units are arranged at posi- 
tions corresponding to the edges of the protrusions 20A. 20B and not arranged at the central portion of the protrusion 
As a result a minute domain having an orientation angle 90° different existing in the neighborhood of the top of the pro- 
trusion can be effectively utilized for a brighter display. oiup wine pro 

5 .„ J2! c ° n ^ itution in whj ch the CS electrode is divided into a plurality of CS electrode unit can be adapted to a case 
in which the depressions (grooves) are used as the domain regulating means 

™.«2l e K T e rt mb ° diment described above can prevent the reduction in numerical aperture which otherwise might be 
caused by the domain regulating means used. 

, an n S, 82 S !T S 3 P rotrusion paltern °* the fifteenth embodiment. In this fifteenth embodiment, linear protrusions 20A 
S? j2!S? ^ l Par 5 I' ° ne an0ther 00 the upper ** ,wer substrate * respectively, so that when they 
2 ^ "J*?/ * 6 SUbStrat6S ' th6Se Pr0trUSi0nS 20A and 20B orthogonally cross one another. Tne £ 

uid crystalline molecules 14 are oriented perpendicularly to the slopes under the state where no voltage is apol ed 
between the electrodes but the liquid crystalline rnolecules in the proximity of 

are onented perpend,cularly to the slopes. Therefore, the liquid crystalline molecules in the proximity of the slopes of 
the protrusions 20A and 20B are inclined under this state and moreover, the directions of inclination Z TdSereTby M 

SSUT th6 , Pr !; uSi0 " S 20A and 206 ™™ *. ^ * between the electrodes. 

molecufcs are .nchned ,n a direction which is paralle. to the substrates, but because the liquid crystalline moires Se 

regulated ,n the directions different by 90 degrees near the protrusions 20A and 20B. respectivelj *ey MMM Tto 

to k"^^ * ^ thiS emb0dimen, iS ^ S8me * ^^t^ 

-Sir k ♦ r . show l tn e state when no voltage is applied and this is different only in that when the voltaoe is 

S J' State becomes •» °" e shown in Fig. 2A. As shown in Fig. 82. further, foj different SESoSS 

iT a tr J™ 9 * enC0mpa6Sed b * the Protrusions 20A and 20B in the fifteenth embodiment. In conTeque^ce ^ 

region? « excellent, too. .ncidenta.ly. the directions of the twists are different 

hiah^^an^i^^S ViewS j JSeful for ex P teinina the response speed in the fifteenth embodiment is 
higher than that of the first embod.ment. F,g. 83A shows the state where no voltage is applied, and the liquid crvsteN ne 
molecules are onented perpendicularly to the substrates. When the voltage is ap^iedXTqJda^aTne S« 
are mclined « such a manner as to twist in the LCD of the fifteenth emboolmenTas sho™ in fig «K£3£fSl 
hquri crystalline mo.ecules at other portions are oriented by using the liquid crystalline nJ^JZ^T^W^ 
the protrusions as the trigger in the LCD of the first embodiment as shown in Fta 83C hS^lhtSuS TUT. 

they are not limited, and they are oriented in the same direction as shown in Fig 83D after the rassana «f ™w! 
F,g. 85A ,s a digram showing the response speeds with the change of the gray-scale at the 1 6th graduation. 32nd 
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gradation. 48th gradation, 64th gradation and black (first gradation) when 64-gradation display is effected in the LCD of 
the fifteenth embodiment For reference. Fig. 85B shows the response speed of the TN mode. Fig. 85C shows the 
response speed of the mono-domain VA mode in which the orientation is not divided and Fig. 85D shows the response 
speed of the multi-domain VA mode using the parallel protrusions of the first embodiment. For example, the response 
s speed from the full black to the full white is 58 ms in the TN mode. 19 ms in the mono-domain VA mode and 19 ms in 
the mutti -domain system, whereas it is 19 ms in the fifteenth embodiment, and this value remains at the same level as 
those of other VA mode. The response speed from the full white to the full black is 21 ms in the TN mode 12 ms in the 
mono-domain VA mode and 12 ms in the multi-domain type, whereas it is 6 ms in the fifteenth embodiment and this 
value ishigher than those of other VA modes. Further, the response speed from the full to the 16th gradation is 30 ms 
10 m the TN mode. 50 ms in the mono-domain type and 130 ms in the mufti-domain type, whereas it is 28 ms in the fif- 
teenth embodiment, and this value remains at the same level as that of the TN mode and is by far more excellent than 
the values of other VA modes. The response speed from the 16th gradation to the full black is 21 ms in the TN mode 
9 ms in the mono-domain type and 18 ms in the multi-domain type, whereas it is 4 ms in the fifteenth embodiment and 
this value is more excellent than the values of any other modes. Incidentally, the response speed of the IPS mode is 
is extremely lower in comparison with any other modes, and the response speeds from the full black to the full white and 
vice versa are 75 ms. the response speed from the full black to the 16th gradation is 200 ms and the response-speed 
from the 1 6 gradation to the full black is 75 ms. ■se-speeo 

As described above, the LCD of the fifteenth embodiment are extremely excellent in both viewing angle perform- 
ance and the response speed. ^ 

20 m JJ 9 L a 86 ^ 868 3n0ther P™ 4 ™ 5 ™ P 3 " 6 " 18 for accomplishing the twist type VA system described above 
In Fig. 86A protrus.ons 20A and 20B are interruptedly disposed in such a fashion as to extend orthogonally in two direc- 
tions on the respective substrates and not to cross one another, but to cross one another when they are viewed from 
the respective substrates. In this embodiment four twist regions are formed in the different way from Fig. 82. The direc- 

~ r! IS 8 «? 15 ^ '1 MCh *** re9i0 " bul the rotalin9 P 08 * 008 deviate one another by 90 degrees. In 
SSSSi^ f 208 ^ in SUCh 3 faShi ° n 35 to ~~« orthogonally * two Sections to the 

ZT^Z 1 ,f "21° ^ ° ne 3n0ther but ,0 devia,e in ^ direcfions ln this embodiment, two twist 

regions having mutually different twist directions are formed. 

c„ J" a X 82 ' 86 A !? 86B, ,f 1e protrusions 20A and 208 disposed on the two substrates need not be disposed in 
so shown ,n Fig. 82 are so disposed as to cross one another at an angle other than 90 degrees. In this case too four twist 
^^2^" £Wferent dreC,i0nS ^ ,0rm6d ' ^ * e qUantty * thB is di«erem between the^ 

s^™^^ ™ ^ ° btained "™ S ' ite ^ diSPOSed in ^ * <he ^ USi °" S 20A - 20B 

in thlT^? 66 "* 1 emb< ^ ment shown in R 8- 18 "° means for controlling the orientation at the center portion 

21 Z IT, enC °^^ Protrusions 20A and 20B in comparison with the portions near the protrusion^ 
^7^°^ V °. be d ' StUrt>ed b6CaUSe " iS far ,f0m the Plosions. For this reason, an elongSed ime is n^ 
i!L ^ 6 ° rientat,0n 96tS Stabi,ized - and * is »at the response speed at the cento ^rton becomes 

lower. The response speed attains the highest at the corner portooflh,ft^|^^«lSS£nS5 

£ SerV ' n9 88 3djaCem Sid6S The in, ' UenCeS 0< the orientation at comer portions are transferred to 

tine center portion, impinge wrth the influences of other twist regions and the twist regions are^der^ deSrte a^are 

Tr™* a " CrySta ' S " 0l ^ mu,te "eously oriented, but certain t»tZ^££Z£2l 
then this orientation is transmitted to the portions nearby. Therefore, the response speed become f slower 1 uZrJZ?, 

2™ JT h tranS ' c erred „ from the tour but when the frame defined by the crossing protrusions isTeTaJfel 
ogram as shown ,n F«. 87. the influences are transferred from the acute angle portions, where the WlIeroeEJlnB 
tolTrn ar6 h Str0n9er - t0 J he cen1er P° rt i°n. The influences impinge at the fe^r ^o^Z ^^^sVi 

In X !? ha T 3n T 15 * anS ' e Therefore ' the response ^ bec o™» Slower in the prtSSSS 
man n the square frame To solve such a problem, a protrusion 20D similar to the frame is disposed aX c^nteTS 

SJlET 35 T 88 An eXCeHent response sPe«d =an be obtained when, for exampTe ^h7p^Jo^20A 
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Figs. 90A and 90B are diagrams showing the structure of a panel of the 16th embodiment Rg. 90A is a side view, 
and Fig. 90B is an oblique view of a portion of the panel corresponding to one square of a lattice. Fig. 91 is a diagram 
showing a pattern of protrusions in the 1 6th embodiment which is seen in a direction vertical to the panel. As illustrated, 
in the 16th embodiment, the protrusions 20A are created like a cubic lattice on the electrode 12 formed on one sub- 

s strate. and the pyramidal protrusions 20B are created at positions coincident with the center positions of the opposite 
squares of the lattice on the electrodes on the other substrate. In a region shown in Rg. 90B. the orientation is divided 
according to the principles described in conjunction with Fig. 12B and divided vertically and laterally uniformly In reality 
a prototype was produced by setting the distance between the electrodes to 3.5 micrometers, the sideways spacing 
between protrusions 20A and 20B to 10 micrometers, and the height of protrusions to 5 micrometers. As a result the 

,o viewing angle characteristic of the panel was of the same level as the one of the panel of the second embodiment 
shown in Fig. 22. 

Figa 254A and 254B show a modification of the sixteenth embodiment Fig. 254A shows a protrusion pattern and 
F.g. 254B is a sectional view. In this modification, the arrangement of the matrix-like protrusions and the pyramidal pro- 
trusions of the sixteenth embodiment is reversed. In other words, the protrusion 20A disposed on the electrode 12 of 

is the CF substrate 16 is pyramidal whereas the protrusion 20B on the side of the TFT substrate 17 has a two-dimensional 
matrix form. The protrusion 20A is disposed at the center of each pixel 9 and the protrusion 20B is disposed in the same 
pitch as that of the pixels and is disposed on the bus line between the pixels 9. Therefore, the liquid crystal is oriented 
in fo"rd.rect.ons .ns.de each pixel. The domain is divided by the protrusion 20A at the center of the pixel as shown in 

,„ !.' 9 k P«>trus.on 20B disposed outside the pixel electrode 1 3 divides the orientation at the boundary of the pix- 

r ,n ? ! raW ' n9 ' , *" 6(190 ° f ,he pbcG ' e,8Ctrode f unctions 31 this P 0 * 0 " 36 the regulating 

, !i ? * onentat,on gating force by the protrusion 20B and the orientation regulating force of the edge of the 
pixel electrode coincide with each other. Consequently, the division of the orientation can be carried out statX. In this 
modification. _the d.stances between the protrusion 20A and the protrusion 20B versus the edge of the pixel electrode 
ir^inTr 63 1 ? erefor T; 11 ^ ° n, y , the Protrusion 20A that exists inside the pixel, and the occupying area of the protrusion 
ms de the p,xe. .s small and d.splay luminance can be improved, though the response speed drops to a certain extert 

h^LTh 6 P U J f 0 * ^ be redUC6d by formin9 the P"*"* 0 " 208 b Y Process of the bus line 

because the number of the production steps does not increase. 

In the aforesaid first to 16th embodiments, protrusions produced using a resist that is an insulating material are 

M^S^2^!T a !T V UBta ?-- ^ inSU ' atin9 Pr ° 1rUSi0nS "» Wry importan1 in terms of *••»"« of 
interruption of electric. fields. A (.quid crystal is driven using, generally, an alternating wave With an increase in 

I?°^H SPee S deriVin9 *° m innWati ° n ° f 3 "** cryStal ma,erial - inf,uen <* **0 »Z»T<££5£ 
a direct (dc) voltage is applied), that is. influence predetermined by a DC wave must be taken into full S A 

dnv.ng wave for a (quid crystal must exhibit both the characteristics of the AC and DC voltages and sati^l^ire- 
mentsfor the AC and DC voltages. The properties of the resist used to allow the driving wav^r a liqutd^al to^ert 
age; Tol b * *« ta to the of tSe S dc" , 

SJiTS ^SZttPSZZ re9 * must be set to teve ~ eWecfive in 

„« . V ' e 1 7 ,oint f f the DC characteristic, the specific resistance p must be high enough to affect the resistance 

toeT^t^' r ^nce must be 1 o" ohms/cm or™ so that it 2 

13 h P , reS,S,anCe 0i 3 " quid crystal (for exam P |e ' tne «P«*te resistance of a TFT-drive liquid cr^W ?s 
about 10 12 ohms/cm or more). Preferably, the specific resistance should be 10 13 ohms/cm or more 

™ 2 ,he r ,ewp0,nt of the AC characteristic, the capacitance (value determined by a dielectric constant film thick 

under 2 STt^ " V?** ™* * *°" " ^ ^ ^ * e ^^^Sly^r 
under the res.st (with an .mpedance of about one-tenth or more of the impedance of the liquid-crystal laverl so SJtTa 
resist can exert the operation of minimizing electric fields in the liquid-crystal layeV under tteTeSf For L^ ll 
dielectric constant B of the resist is approximately 3 or about onelrd ofTe EZ£££^% 
fcyer (approx.mate.y 10). Thefilm thickness is approximately 0.1 micrometers or about Sl^ZSEXST 
u,d-crystal layer (for example, approximately 3.5 micrometers). In this case, the capacitance of the iSSnl «. J ?c 

zrr y te rJ! mes ,a r than me capacftance oi the ^e^XTSZz 

« appl.ed. the liquid crystalline molecules in me orientation«ivided domain (on STE^^^ 
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liquid crystalline moleaies in the domains generated on both sides of the domain on the resist tiH in a direction nearly 
horizontal to the resist (this results in a very firm orientation). For establishing this state, the insulating layer (resist) of 
the onentetiorHlivided domain must have a capacitance that is approximately ten or less times larger than the one of 
the liquid-crystal layer under the resist. A material exhibiting a small dielectric constant c should be adopted to realize 

s the insulating layer, and the thickness of the layer must be large. This suggests an insulating layer having a dielectric 
constant t of approximately 3 and a thickness of 0. 1 micrometers or more. The employment of an insulating layer having 
a smaller dielectric constant c and a larger thickness would exert a more preferable operation and effect. In the first to 
1 6th embodiments, a novolak resist having a dielectric constant e of approximately 3 is used to form protrusions of 1 5 
micrometers thick. Observation of orientation division has revealed that very stable alignment can be attained The 

io novolak resist is widely adopted in the process of manufacturing a TFT or CF. The adoption of the novolak resist would 
bring about a great merit (of obviating the necessity of additional facilities). 

Moreover, it is ascertained that the novolak resist is highly reliable as compared with other resists or a flattening 
matenal and has no problem. 

Moreover, when the insulating film is placed on both substrates, a more preferable operation and effect can be 

is exerted. 

Aside from the novolak resist, an acrylic resist (c = 3.2) was checked to see if it would prove effective as an insulat- 
ing f dm. The same results as those obtained by checking the novolak resist were obtained. For demonstrating that the 
•nf uence of electric fields is very important, an ITO film was deposited on a resist and the aligned state of liquid crys- 
talline molecu es was observed. The results were not so good as those obtained when the insulating film was used 

I" the first to 16th embodiments, an electrode is slitted or protrusions of insulators are formed on an electrode in 
order to div.de the orientation of a liquid crystal. Other forms can be adopted. Some of the forms will be presented 
below. r 

■ R9 ! C 92A J^. 928 are dia 9 rams showing the structure of a panel of the 1 7th embodiment. Fig. 92A is an oblique 
« v,ewa "2 F| 9 n 92B ,sa ^ illustrated, in the 17th embodiment, protrusions 50 extending parallel to oneanother 

»• unidirectonally are formed on glass substrates 16 and 17. and electrodes 12 and 13 are formed on the substrates The 
protrusions 50 are arranged to be mutually offset by a half pitch. The electrodes 12 and 13 are therefore shaped to 
partly ,ut out. The surfaces of the electrodes are processed for vertical alignment. Using the thus shaped electrodes 
«v^nrS e J? a f ? elec,rodes ' ***** fields "* indu «* a vertical direction. The orientation of a liquid 
£££ T e3Ch pr0trUSi0n 35 3 bflrtBr - ^ an 9 ,e characteristic of the pane, is 

bPrnml!^ m * 3 one. However, the distribution of electrHelds 

5Sr?£ V T 5* 006 atta,ned Whe " the P rotrusior1s «™ «»de of an insulating material. Only the effect of the 
TJZZ th ^ ,ncl *" ed spaces of the protrusions is utilized in order to divide the orientation. The stability of alignment 

US?? T t0 attamed Wh6n the Pr ° trUSi0nS are oi an ireula « n 9 However as SSS 

ITZ^T™^ 1" ^ eleC,r0d6S ne6d t0 be * insulatin 9 low dielectric constant. 

th?nS S if * ,0 form the prolrusions are limited - F ^er. various conditions must be satisfied to form 

" ^ a ' S - ™* CSUSeS 3 P,0b,em in *• produCtion P rocess - the panel strT 

ture of the 17th embodiment does not have such limitation. 

«, S >9 ^ iS ^ dia , 9 r« m ShOWi " 9 the StruCture * 3 ^ of the 1 8th embodiment. In this embodiment insulatinq layers 
S^T? °V he ,T ° e,e , C,rodeS 12 3nd 13 " Pf0vided Messier* 23. As the shape of the , dJS5« S 
shapes of P^rusions or slrts of electrodes presented in the second to ninth embodiments can be adopted Ss case 

^STE? qu ? e,ectric fieWs WTks ,ike the by * e protrusions to 

JJ*. shows a Pa" el structure of the nineteenth embodiment. In this embodiment, electrodes 12 and 13 are 
formed on glass substrates 1 6 and 1 7. respectively, layers 62 each made of an electrically conductive maW and I hav^ 
mg a depress.on (groove) 23A. 23B having a width of 10 urn and a depth of 1 .5 m are formed on ^e^es^ 

^I^^^^JT?-. ^ ' ine ' 3 TFT etC> 3re ° mitted from me drawin 9- » «" * observed that J»e 

ZT^ZS^T ,S *"*? 31 the feCeS5 POrtons - ln * 038 been conf ™«* that the upZZ 

sion, too, functions as the domain regulating means. ^ 

h» J^L^S 8 ?^ 6 01 1,16 nineteentn embodiment, the depressions 23A and 23B are disposed at the same ore- 

an?23B Se^ dSST " fT": T 88 "* C ~ * the P"*-** and » e u «> e ' andSderxe Jons ?3A 
and 23B are so disposed as to deviate by a harf pitch. Therefore, the regions in which the liquid crvstJ I a^miT* #2 
same orientation are defined between the adjacent upper and lower depressions 

and^Rh!^ In this 20th embodiment, layers 62 having grooves 23A 
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that of the nineteenth embodiment can be obtained. Incidentally, since the structure having the depression is disposed 
below the electrode in this 20th embodiment limitation to the material is small, and the material used for other portions 
such as the CF resin can be used. 

In the case of the protrusion and the slit, the orientation is divided in such a tashion that the liquid crystalline mol- 
5 ecules expand in the opposite direction at these portions but in the case of the recesss, the orientation is divided in such 
a fashion that the liquid crystalline molecules face one another at the depression portion. In other words, the function 
of dividing the orientation by the recess has the opposite relation to that of the protrusion and the slit. Therefore, when 
the depression is used as the domain regulating means in combination with the protrusion or the slit the preferred 
arrangement becomes opposite to the arrangements of the foregoing embodiments. The explanation will be predeter- 
io mined next on the arrangement when the recess is used as the domain regulating means. 

Fig. 96 shows an example of the preferred arrangements when the depression and the slit are used in combination 
As shown in the drawing, the slits 21 A and 21 B are disposed at positions opposing the depressions 23A and 23B of the 
20th embodiment shown m Fig. 95. Since the direction of the orientation division of the liquid crystal by the depressions 
and the slits opposing one another is the same, the orientation is further stabilized. For example, when the depression 
is is formed under the condition of the 20th embodiment, the slit has a width of 15 M m and the gap between the center of 
the depression and that of the slit is 20 fim. the switching time is 25 ms under the driving condition of 0 to 5 V and 40 
ms under the driving condition of 0 to 3 V. In contrast, when only the slit is used, the switching time is 50 ms and 80 ms 
respectively. 

Fig. 97 shows the structure wherein the depression 20 A and the slit 21 A on one of the substrates (substrate 1 6 in 
20 th.s case) in the panel structure shown in Fig. 98. and the region having the same orientation direction is formed 
between the adjacent depression 20B and the slit 21 B. 

'f^"^ the same characteristics can be obtained by disposing the protrusion at the same position in place of 
the slrt in the panel structures shown in Figs. 96 and 97. and the response speed can be further improved 
« i 7 m J B ^ an0 !' e . r panel structure "h**" * e depression 23B is formed in the electrode 13 of the substrate 
25 17 and the protrus,ons 20A and the slits 21 A are alternately formed at positions of the opposed substrate 1 6 at positions 
facing the depression 23B. respectively. In this case, the direction of the orientation becomes different between the set 
of the adjacent depression 23B and protrusion 20A and the set of the adjacent depression 23B and slit 21 A and con- 
sequently, the boundary of the orientation regions is formed in the proximity of the center of the depression 
nf thKith ! S " B , are dia0r ? mS Sh0Wins the Stmcture * a of the 21 * embodiment. As illustrated, the panel 

ST/li^f" 16 !!? 8 S,mP ' e ma, " X LCD - The * UrtaCe * e,ecfrode * dented ^ °' ien *«™ of a liquid crys- 
? I STS . depress.on as a border. However, like the tenth embodiment, an effect of oblique eleclric fields 
is not exerted. The stability of alignment is little poor. BK1S 

a „H fL d n Cribed ^° Ve ' , the a,i9nment dividin 9 °P eration ° f depressions (grooves) is reversed to those of protrusions 

el lT a « a mN 9 T 8 ™f° * d ° main ^ <*" bS COnstant re 9 ard,ess <* assemb| y errors. "£ the influ- 

ence of assembly errors in the panel of the first embodiment will be described 

Figs 100A and 100B are sectional views of a panel in the first embodiment. As described already, a region where 

to^TZ 'l.TSS \1?r2 * <he Pr0trUSi ° n 2 ° A tarmad °" *• common 6,ertrode 1 2 «d £l££Z£i 
« Tt^ft ■ vf^I 3 - ' n R9 1 °° A ' re9i0P defined by the "9* inc,ined side su ^e of the protrusion 20B 
■nclS JIT I ^r^" 0f the P ro1rusion 20A is ^gnated as a region A. and the region defined by the left 

rSorfe Pr0trUS, ° n 2 ° B and *" ri9W inCNned *• Surface 01 *• P rotrusio " 2 °A is designated as a . 

„^ SUm ^ a t the CF substrate 16 * d-splaced leftward of the TFT substrate 1 7 due to an assembly error as shown 
m (2) F,g 100B. The region A is reduced, while the region B increases. Therefore, the ratio betw^eTZon A aS reZ 
B ,s not already 1 to 1 The resuming proportion of liquid crystalline molecules divided in crimtJ^Mj^SS 
deteriorating the viewing angle characteristic. ^ ' inereD V 

1 °J B SeCti0nal ViSWS * 3 Pane ' aCCOrdin9 10 a 22th embodiment In the 22th embodiment as 
shown .n F,al01 A. a depression 22B and a protrusion 20B are formed in the TFT substrate 17 follow^bv So^ 

£ £ I ™ S dlSP ' aCed respect to the ^ substrate 1 7 a * *e a™ of assembly, the region * defied 
£ 2 r 1° B 1 2 ° A fe redUCed " ^ ,he re9ion A " defined * »• depressions 22B and S™. fccreasS 

l? n J^r m T 35 *? I 69 ' 0 " A iS redUCe0 ' h0wever - «» "*» A remains unchanged. The regbn B ^SSS 
defined by the protrusion 20B. the depression 22B. the protrusion 20A and the depression 22A remains undmtf 

sTme alit * -m r6mainS UnChan9e(1 a*-*™* *• ratio between ££££ ZdTiSSC 

same, and the supenor viewing angle characteristic is maintained. remains ine 

c ^ iS l sectional view ^ a P 3 " 61 according to a 23th embodiment In the 23th embodiment as shown the CF 
substrate 16 is formed with the protrusions 22A and the depressions 20A alternated wwTp»T Sf J T? 

? e resion A ,?r ned » the ieft indined - "^iTr^^ 

face of the depress™ 22A. while the region B is defined by the right inclined side surface of the fZ^S^e 
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left inclined side surface of the depression 22A. In view of the fact that the orientation region is defined only by the pro- 
trusions and depressions formed on one of the substrates, the assembly accuracy is not affected. 

The foregoing embodiments are directed to obtain a great viewing angle in all directions. Depending on the appli- 
cation of the liquid crystal panel, however, there are the cases where the viewing angle need not be great and a great 
5 viewing angle needs be obtained in only a specific direction. The LCD suitable for such an application can be accom- 
plished by using the orientation dividing technology by the domain regulating means described above. Next several 
embodiments to which the technology of the present invention is applied for the LCDs for such specific applications will 
be explained. 

Figs. 1 03A and 103B show the panel structure of the 24th embodiment. Fig. 103A is a top view and Fig 103B is a 
io sectional view taken along a line Y - Y of Fig. 103B. Linear protrusions 20A and 20B are disposed in the same pitch on 
substrates 16 and 1 7, respectively, as shown in the drawing, and these protrusions 20A and 20B are so situated as to 
deviate a little from the respective opposing positions. In other words, the region B is extremely narrowed in the struc- 
ture shown in Fig. 102 so that the regions are occupied almost fully by the region A. 

The panel of the twenty-fourth embodiment is used for a protrusion type LCD. for example. The viewing angle per- 
is formance of the protrusion type LCD may be narrow, but a high response speed, a high contrast and high luminance 
are required for the protrusion type LCD. Since the orientation direction of the panel of the 24th embodiment is substan- 
tially m one direction (mono-domain), the viewing angle performance is the same as those of the conventional VA sys- 
tem and cannot be said as excellent. Nonetheless, since the protrusions 20A and 20B are disposed the response 
speed is improved markedly in comparison with the conventional system, in the same way as the LCDs of the foreooino 
20 embrf^enfe As to contrast, the contrast of this panel is substantially equal to other VA system and is thereforesupe 
nor to that of the conventional TN mode and IPS mode. As has been explained already with reference to Fig 27 the 
orientation gets distorted and leaking light transmits through the portions of the protrusions 20A and SMB. To improve 
contrast, therefore, the portions of these protrusions 20A and 20B are preferably shaded. As to luminance, on the other 

~ 1 !!! fl L 6 rat '° rt * he Pixe ' electrode 13 is P**"** increased. Therefore, the protrusions 20A and 20B are 
* disposed at the edge of the pixel electrode 13 as shown in Figs. 103Aand 103B. This arrangement can increase lumi- 
nance without lowering the aperture ratio. 

♦„ a » Fr °1 the U^ 0 ' the reSP ° nSe Speed " the 93(3 between * e Prions 20A and 20B is preferably decreased but 
™ S a ,6C V pro ! rus, ' ons 20A and 208 must be dj sPosed around the pixel electrode 1 3. When the protrusions 
n r^l T^T* thS Pixe ' e ' eCtr0de 13 " these P^ 0 * 3 must ^ shaded, so that the aperture ratio 
aSfh! descnbed above, the response speed, the contrast and luminance have the traded relationship, 
and they must be set appropriately depending on the object of use. and so forth 

Fig. 1 04 shows a structure for achieving an LCD panel having excellent viewing angle performance in three direc- 
ts by ut.te.ng the technology of forming the mono-domain according to the 24th embodiment In this structure the 
protrusions 20A and 20B are disposed in such a fashion as to define two regions of the transverse direction in the same 
^Ti°l a ^° ne H. re9 i** ^" 9itudinal orientetion inside ™ pixel. The two regions of the transverse orientation 
ha« nitrh »t SZFV™ IZT * *° diSP ° S ' n9 Pr ° trUSi ° nS «** MB as to deviate from one another by a 
haH pitch as shown ,n Rgs. 100A and 100B. while one region of the longitudinal orientation is formed by disposino the 

EJSi h ^ T 8 adj3Cent t0 006 an0th6r 35 ■ h0 " n ,n R9S 103A and 1036 Th « structurfc^ t£Zg£l 
panel which has excellent viewing angle performance on the right and left sides and on the lower side buVhaT Zer 
40 viewing angle performance on the upper side. 

The LCD such as of the 24th embodiment is used for a display which is installed at a high position so that a larae 
number of people took it up from below, such as a display device disposed above a door of a tra^rf ^ 

<h. StTT* 8501 1,16 LCD °' VA System " hich "« execute the orientation division and the LCD of 
« 1^2 Wh,CheXeCUte the or,entetlon ***>" by the protrusions or the like, the response speiTrom black to 
45 white and vice versa is superior to that of the TN mode, but the response speed between^e intermedia eWscafe 

is not practically sufficient. The twenty-fifth embodiment solves this problem -ntermediate gray scale 

Figs. 1 05A and 105B show the panel structure in the 25th embodiment. Fig. 1 05A shows the shaoe of the orotru 

sion when viewed from the panel surface and Fig. 10 5B is a sectional view. As shown in the^dra^nS the msE Z 

iSS? U ^ 1h l P T. rt0n 01 the d0main ° rien,ed in directions 630 * "«de equal and the vieE ZZTr- 
formance is symmetric. When the structure shown in the drawings is employed, the response speed te3 S 

F.g. 106 shows the structure of the panel manufactured for measuring the changes of the response soeed arri th« 
, ^ff 6 dependin9 ° n the 9ap « * e Protrusions. The protrusions 20A and SnWa W^TSi^E 

T£? T I ,he re9 '° n 01 the 9ap d2 are measured *>y one of the gaps dl of the protrusions to 10 
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Fig. 107 is a graph showing the result of the response speed measured in the way described above. This graph 
corresponds to the one obtained by extracting the object portion shown in Figs. 20A and 20B. As can be seen clearly 
from the graph, the response time drops as the gap d2 becomes smaller. 

Fig. 108A shows the change of the transmittance when the applied voltage is changed, by using the gap d2 as a 
parameter. Fig. 108B shows the change of the transmittance when the voltage is changed from OV to 3V by using the 
gap d2 as a parameter. It can be seen from Figs. 108A and 1 08B that the response speed of the intermediate gradation 
can be drastically improved by decreasing the gap d2 of the protrusions. However, the maximum transmittance drops 
when the gap d2 of the protrusions is decreased. 

Fig. 109A is a graph showing the normalized time change of the transmittance at each gap d2. and Fig. 109B 
' explains the orientation change of the liquid crystal. Assuming that the time before the transmittance reaches 90% of 
the maximum transmittance is an ON response time, the ON response time when d2 is 10 (im is Ton 1. the ON 
response time when d2 is 20 »im is Ton 2 and the ON response time when d2 is 30 »m is Ton 3. they have a relationship 
of Ton 1 < Ton 2 < Ton 3. 

The reason why such a difference occurs is because only the liquid crystals in the proximity of the protrusion are 
onented perpendicularly to the slope of the protrusion and the liquid crystals away from the protrusion are oriented per- 
pendicularly to the electrode when the voltage is not applied, as shown in Fig. 109B. When the voltage is applied the 
liquid crystal is inclined, and the liquid crystal can take the tilt angle of up to 360 degrees with respect to the axis per- 
pendicular to the electrode. The liquid crystal in the proximity of the protrusion is oriented when the voltage is not 
applied, and the liquid crystal between the protrusions is oriented in such a fashion as to extend along the former liquid 
crystal as the trigger. In this way is formed the domain in which the liquid crystals are oriented in the same direction 
Consequently, the closer to the liquid crystal to the protrusion, the more quickly it is oriented. 

As described above, the response time between black and white is suff cientJy short in the existing VA system LCDs 
and it is the response time between the intermediate gray-scale that becomes the problem. In the case of the structure 
shown m Figs. 105A and 105B. the transmittance in the regions having a narrow gap d2" changes within a short time 
whereas the transmittance in the regions having a broad gap d2' changes gradually. The regions of the gap d2" are nar- 
rower than the regions of the gap d2' and have a smaller contribution to the transmittance. but because the human eyes 
have logarithmic characteristics, the human eyes catch the change as a relatively large change when the transmittance 
in the regions of the small gap d2" changes a little. Therefore, if the transmittance of the regions having a small gap d2~ 
changes within a short time, this change is caught as the drastic change as a whole. 

As described above, the panel according to the 25th embodiment can apparently improve the response speed 
between the intermediate gray-scale without lowering the transmittance. 

Fig. 1 1 0 shows the panel structure of the 26th embodiment. As shown in the drawing, the protrusions 20A and 20B 
are disposed in an equal pitch on the substrates 16 and 1 7 and the electrodes 12 and 13 are formed on the protrusions 
o^ eCt !^ y ; ,n thiS 26th embodiment However . *e electrodes are not formed on one of the slopes of the protrusions 
20A and 20B, and a vertical alignment film is further formed. The protrusions 20A and 20B are arranged in such a fash- 
ion that the slopes on which the electrode is formed and the slopes on which the electrode is not formed are adjacent 
to one another. In the region between the slopes on which the electrodes are not formed, the liquid crystals are oriented 
perpendicularly to the slopes, and the orientation direction is decided consequently. The electricfield in the liquid crystal 
layer is represented by broken lines in the drawing. Since the liquid crystals are oriented along this electric field the ori- 
entation direction due to the electric field in the proximity of the slopes, on which the electrodes are not formed coin- 
cides with the orientation direction due to the slopes. 

In the region between the slopes on which the electrode is formed, on the other hand, the liquid crystal in the prox- 
! m ! Y « slope j; 18 orien,ed Perpendicularly to the slopes, but the orientation direction of the electric field in thisregion 

L ^ r Z lT a,i0n direCti ° n dUe to the S ' 0peS Theretore - crvstel in «» ' e 9»n is oriented along 

the electric f .eld with the exception of the portions near the slopes when the voftage is applied. Consequently, the ori- 
ental, directions in the two regions become equal to each other, and the mono-domain orientation can be obtained 
. 1*; 1 ^ V 9 30916 Pe* 0 ™™™ *«h 'aspect to contrast when a phase difference film having nega- 
Hp ™ Trl^oT an JS r0Py 3nd . haVin9 the 53,116 r6tareJa,ion 35 ** 01 the '* uid P anel superposed wrth 
wZ S 2i m "iSST* i h ' 9h MaSt b6 0V& 3 broad ra "9 e * vi «*"fl angleTlnSentaHy. 

£ ^ ^ a r mb K ed 2° *• Pf0trUSi0n prOject0r - *• "*> is at ,eas » 300 incidentally, the con 

fast ratio obtained when the ordinary TN mode LCD is assembled into the protrusion type projector is about 100 and 
it can be appreciated that the contrast ratio can be drastically improved 

first r^^T!!!!" 3 *** diSP,3y deViC6 h3Vi " 9 3 v****™ « P«*"si°n Pattern is driven as in the 

Z^S^'TZ'^r *!r des,rab,e minute re 9 ion «**™*i> fo«"ed in the neighborhood of the bus line and 
the resulting disturbance of liquid crystal orientation and reduced response rate. The problem thus is posed of a 
reduced vewing angle characteristic and a reduced color characteristic^ half tone. This'prob^, T IZSTa 27* 
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Fig. 1 12 is a diagram showing an example pattern for repeating the linear protrusions according to the errtoocfi- 
ments as set above. The protrusion pattern described above has a plurality of protrusions of a predetermined width and 
a predetermined height repeated at predetermined pitches. In Fig. 112, therefore, the width 1 and the interval m 
assume of the protrusion assume the predetermined values of 1 1 and ml . respectively. In the shown example, the width 
5 of the protrusion formed on one substrate is different from that of the protrusion formed on the other substrate. The pro- 
trusions formed on a substrate, however, have a predetermined width 1 . This is also the case with the protrusion height 
h. 

Fig. 1 1 3 is a diagram showing the wavelength dispersion characteristic of the optical anisotropy of the liquid crystal 
used. As shown, it is seen that the shorter the wavelength, the larger the retardation An. Thus, the retardation An 

10 increases in the order of blue (B) pixel, green (G) pixel and red (R) pixel, and different colors have different retardation 
An while passing through the liquid-crystal layer. This difference is desirably as small as possible. 

Fig. 1 14 is a diagram showing a protrusion pattern according to a 27th embodiment of the invention. In the 27th 
en^iment the blue (B) pixel 13B, the green (G) pixel 13G and the red (R) pixel 13R each have the same protrusion 
width I but different protrusion intervals m. Specifically, the Bpixel 138 has ml, the G pixel 13G m2 and the R oixel 13R 

is m3 in such a relation that ml > m2 > m3. 

The smaller the protrusion interval m, the larger the effect that the electric field vector has on the liquid crystalline 
molecules, thus making it more possible to alleviate the problem of the electric field vector at the time of drive Fig 1 15 
is a diagram showing the relation between the applied voltage and the transmittance as measured while changing the 
protrusion interval. It is seen that the larger the interval m, the larger the numerical aperture, and hence the transmit- 

?o fence is improved. The wavelength dispersion characteristic of the optical anisotropy of the liquid crystal is as shown in 
Fig. 1 13. By changing the protrusion interval m for each color pixel as shown in Fig. 1 14, the difference of the retarda- 
tion for a particular color can be reduced An while passing through the liquid crystal layer for an irrproved color charac- 
tenstic. 

J5" 1 1 1 1? ^ 9T T ShOWin9 8 protmsion P attern according to a 28th embodiment of the invention. In the seventh 

rJSSI ' i! 6 PiX l 13B ' the 9reen (G) pixel 13G and * e red < R ) P ixel 13R hav e the same protrusion interval 
m but different protrusion widths I. The effect is the same as that of the 27th embodiment. 

Fig. 1 1 7 is a diagram showing a protrusion pattern according to an 29th embodiment of the invention In the 29th 
embodiment .the protrusion interval m in each pixel is set to a small value ml in the upper and lower regions near to 
«? , 6 ? u t" nt * and a lar 9 e value "« at »» central region. In the neighborhood of a bus line such as the gate bus line 
° T ?t, T ^ S ' ne L a d0main may OCCUr * the time of drivinfl and ** crystalline molecules fall into a state not 
ZSZLZi T " ^ t0 e,St f iCa ' ,iSW ^ deteriorati "9 »e display quality. According to the eighth 

embod.ment the protrusion interval .s narrowed in the region near to the gate bus line thereby to make it difficult for the 
gate bus line to be affected by the electrical vector. As a result, the generation of an undesirable domain is suppressed 

ZZnZ^T** ^ 3 narrOW6r pr0trUSi0n interval reduces the numerical ^rture accordingly and 

£ • Tdl^ X ° m the rt v,ewpoint of numerical a^ure. before, a larger protrusion interval is recommended. 

SSE^fJT IV? ** ei9Wh er^b0C3lmen, <*" mjnimi2e •» auction in numerical aperture and 

reduce the effect of the electrical field vector generated by the gate bus line. 

Fig. 1 18 is a diagram showing the pixel structure in the case where the protrusion pattern according to the 29th 
embodiment shown in Fig. 1 1 7 is actually realized. -wwroing to me 

thP Si llll 3 di39 t r T StV ™ ng 3 protrusion arrangement according to a 30th embodiment. As shown in Fig. 1 19 in 
the 30th embodiment, the protrusion height is changed gradually. 

Fig. 120 is a diagram showing the change that the relation between the applied voltage and the transmrttance 

a£ ZSISZ Pr0trUSi °H n " Chan9ed ' Fi9 121 ,he Chan9e that Seen^apX v ^e 

^, ^ 90e l When ,he Pr0trUSi ° n hei9W iS Chan9ed ' R 9 122 the cha "9e of the transrnHtence in wSe 

eve. with resect to the protrusion height, and Fig. 123 the change of the transmittance in blacK level ^respe^to 
the profrusion height. These diagrams show the result of measuring the transmittance and the cor4^Tt££^ 

thickness to about 3.5 um. and the resist height to 1.537 nm. 1.600 nm. 2.3099 nm and 2 4S6nm 

TNiJSS S ^^2^^ ttanCe 7 Whi,e ,eVe ' (wHh 5 V Wlied) increases witn the resist height, 
i nis is considered due to the fact that the protrusion playing an auxiliary role in tilting the liquid crystal is so larae ftat 

t^ZZSZZT?* ^ fra " Smittance (' eaka 9e light) in black level (Lh J any aSed^ftLge £ 
increases with the protrusion height. This is not desirable as it works to deteriorate the black level Th* 
between white luminance and black luminance) decreases with the protrusion he^tfs tte SfitSLSSSSS 
masking material for the protrusion and not to increase the protrusion height excessively 

.. IT*, me orientation * cr y sta ' can be changed by changing the protrusion height and therefore a 
superior display is made possible by changing the protrusion height for each color pixel ^SatfuSnB 5T2i 
charadenstc. or bysetting the protrusion height appropriately in accordance J ^^ZTZZme^r 
the R pixel, for example, the protrusion haght is increased, and decreased for the G pixel and the B P S 
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or in each pixel, the protrusion height is increased in the neighborhood of the bus line and lowered at the central portion. 

The inventor has confirmed that the screen display can be accomplished without any problem even when the pro- 
trusion height is increased to the same level as the cell thickness. As a result, the protrusion height is set to the same 
level as the cell thickness as shown in Fig. 124A, or protrusions are formed at the opposed positions on the two sub- 
strates as shown in Fig. 124B so that the sum of the heights of the two protrusions is the same as the cell thickness. In 
this way, the protrusion can play the role of a panel spacer. 

Figs. 125A and 125B are diagrams showing a protrusion pattern according to a 31th embodiment. In this embodi- 
ment, as shown in Fig. 1 2SA, the inclination of the side surfaces of the protrusion is defined by the angle e that the side 
surface forms with the substrate (electrode). This angle is called the taper angle. According to the tenth embodiment 
o assume that the taper angle e of the protrusion 20 can take several values as shown in Fig. 125B. Generally the larger 
the taper angle 8. the more satisfactory the orientation into which the liquid crystalDne molecules fall By changing the 
taper angle 6. therefore, the orientation of the liquid crystal can be changed. Thus, a superior display can be made pos- 
sible by changing the taper angle for each color pixel to adjust the color characteristic or by setting a proper taper angle 
6 in accordance with the distance from the bus line. For example, the taper angle 6 is set large for the R pixel and 
< decreased for the G pixel and the B pixel in that order. Also, the taper angle e is increased in the neighborhood of the 
bus line and decreased at the central portion in a pixel. 

As described above with reference to the sixth to tenth embodiments, the orientation regulation force of the protru- 
sion is changed by changing the protrusion interval, protrusion width, protrusion height or taper angle It is therefore 
possible that these conditions are differentiated within a pixel or with different color pixels to partially differentiate the 
onerrtation regulation force of protrusions and thus to assure the viewing angle characteristic or response rate of the 
liquid crystal as near to the ideal ones as possible. 

Retardation of the liquid crystal depends on the wavelength as shown in Fig. 1 1 3. Therefore, an embodiment of the 
Iquid crystal panel which improves luminance of white display on the basis of this feature and accomplishes a hioh 
response speed for all the color pixels will be explained. 

First .wavelength dependence of the VA system will be explained briefly. Fig. 126 shows the change of a twist angle 
of a liquid crystal layer due to the application of a voltage when a vertical orientation (VA) system liquid crystal display 
panel using a liquid crystal having negative dielectric anisotropy (n type liquid crystal) is provided with the twist angle 
When no voltage is applied, the liquid crystal is oriented in a direction of 90 degrees on the surface of one of the sub- 
strates and in a direction of o degree on the surface of the other substrate, so that the twist of 90 degrees is attained 
When the vottage is applied under this state, only the liquid crystalline molecules in the proximity of the surface of the 
substrate undergo twisting in such a manner as to follow the anchoring energy of the substrate surface, but twisting 
£j£ ^ C rr ? I yerS ' Therefore ' me mode does not substantially change to the rotatory polarization mode (TN 
mode but to the birefrmgence mode. Fig. 127 shows the change of relative luminance (transmittal) to the change of 

mXL f k ( ' ,n b0th *" ™ m0de and <he "»*• As shown in the graph, the birefringence 

thfw,J? s^**™™*™* characteristics to And of the liquid crystal.than the TN mode. As described above 

^SS^TT **? CrySta ' USin9 the " ^ ,iQUid CryStal 6X600165 "ackdisplay when no voltage is applied and 
whrte display when the voltage is applied, by using the polarizer plate as the cross-Nicol W 

B- 4 S 9 nmf 8 »r^l e ?L transmittance to the cha "°e <* ^ at each wavelength (R: 670 nm, G: 550 nm. 

B. 450 nm) It can be appreciated from this graph that when the thickness of the liquid crystal layer is set to And at which 

wa« n of W S50 nnfrr 8 ? ""TE * l ° 31 *" «* n * m **™ attains the ma^,m S£ 
TvitSr?! 2, .? ' * e fran T u" 06 at 450 nm becomes low- Therefore, the thickness of the liquid 

„ T 1 l Va Ue Sma " er tha " the thickness from maximum luminance so as to restrict cotorino 

n whrte display. Therefore, luminance in white display is lower than that of the TN mode, and in order to obTa^S 
luminance equ,valent to that of the liquid crystal display panel of the TN mode, back-light \um^t^^^ 
To '"crease this back-light luminance, however, power consumption of illumination m£t be incJ1^5SSSSS 
appl.cat.on of the panel is limited. When the thickness of the liquid crystal .ayer is maeased ^g X^oTZ^ 

k T 1"5T the ViBWin9 anflle ran9e ' on the olh * hand - rt has be * n customary to add a phase difference film but 
vtrSd^ 

transm^c?lt™ mem ' *? '^fT* ° f ,iquid ° * «* «*» t*»* * individually set so that the 

aver 7s dlrem fi^T T ? '* However ' *™ of L liquid aysYa" 

^ ° CCUrS in the responSe Speed and lhe color tone cannot be displayed correct when Te 
operation d.splay is earned out. Therefore, when the thickness of the liquid crystal layer is Mt toa Zrt!l 2 

fFS2" T ^ *" reSPOnSe <* *• c^rnes nece^r 

F.g. 1 29 shows the change of the liquid crystal response speed to the gap of the protrusions or the slits when And 
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of the liquid crystal layer is set so that the maximum transmittance can be obtained at the three kinds of wavelengths 
described above. The liquid crystal response speed becomes lower as the thickness of the liquid crystal layer becomes 
greater. In the VA system LCD panel which controls the orientation by using the protrusion, the liquid crystal response 
speed changes with the dielectric constant of the protrusion, the shape of the protrusion, the protrusion gap and so 
s forth. However, when the dielectric constant, the shape of the protrusion and its height are constant, the response 
speed becomes higher when the gap of the protrusions is narrower. It can be appreciated that to obtain the liquid crystal 
response speed of 25 ms. for example, in Fig. 1 29. the gap of the protrusions or the slits must be set to 20 urn for the 
R pixel. 25 pm for the G pixel and 30 »im for the B pixel. 

Fig. 1 30 shows the change of the aperture ratio with respect to the protrusion or slit gap. When the gap of the pro- 
10 truaons or the slits is set to 20 urn for the R pixel. 25 ^m for the G pixel and 30 urn for the B pixel from Fig 129 the 
transmittance is 80%. 83.3% and 85.7%. respectively, and the differences occur in the transmittance 

In view of this point the 32nd embodiment individually sets the thickness of the liquid crystal layer of each color pixel 
so that the transmittance attains the maximum when the driving voltage is applied, the response speed in each color 
pixel is rendered coincident by regulating the gap of the protrusions, and the area of each color pixel is changed so that 
15 the transmittance becomes coincident. am 
Fig. 131 shows the panel structure of the 32nd embodiment. As shown in this drawing, a structure 71 not having 
the R pixel portion but having the G pixel portion having a thickness of 0.55 urn and the B pixel portion having a thick 
n^ S „n 1 TJ S T d ? ^ substrates 16 and 1 7. The optimum condition is calculated for this thickness by sim- 
,n o « £ ^stem birefringence mode using the n type liquid crystal. Further, the height of the protrusion 20A is 

f ,n . ^T fo L * p,xeL 1 9 Mm for the G P* xel and 1 .4 inn for the B pixel. Further, the gap of the protrusions is set 
. T%^*J? ? : 25 " m for the G and 30 urn for the B pixel. The area ratio of the B pixel: G pixel* pixel is 
set to 1 :1 .03:1.07. In other words, the pixel areas are so set as to satisfy the relation R pixel > G pixel > B pixel 

The structure 71 uses an acrylic resin, and after a resist is applied to a thickness of 1.4 urn for the B pixel a pro- 
trusion having a width of 5 pm is formed by photolithography. After a vertical alignment film is applied, a 3 6 urn 'spacer 
is (sprayed Mto form a seal, and after bonding and curing of the seal, the liquid crystal is charged. In this way. the thickness 
of the liquid crystal layer .s 5.7 H m for the R pixel. 4.6 M m for the G pixel and 3.6 urn tor the B pixel 
CF « 2JS^T"J he P™ elst L ucture 0f a ication of me embodiment, wherein a protrusion is formed on the 
Z£T2 t ?„ ■ 1 D med °" thS PiXe ' eleCtr0de 1 3 ° f * e ^ ****** 1 7 - ln ** modification, an acrylic 
Z?nl « k me R P ' Xel P^ 0 " bUt havin9 the G pixel P° rton havin ° a »Wfli«B of 1.1 fim and the B 

wim fcr 1 Z 9 i ™ * m is Drovided to ttie substrate 16. Afler a resist is applied to a thickness of 

1 .4 urn for the B pixel, a protrusion having a width of 5 urn is formed by photolithography. As a result the heiqht of the 

Jl^ff 'l^ 386 difference ,ilm (retardation value: 320 nm) in match with nd of the liquid crystal layer of the G oixel 
J^S Pane ' S * ^ 32 * embodiment a * * * modification produced in th^rm^TJ^^ aS 
TmZSFX T* °' *" Pane ' *• viewing angle and the critical angte TectS 

thirls nfthS' « T?! Sh0Wn 249 By the ,he m ^urement results obtained by changing L 

q C Tf?L' ayer the Pri ° r art examp,e " 8,50 shown in Fj 9- ™ « reference values 
.hickl liTnS, 1 ™ t ' 9 ^ tne h fransmjttance <"•"*»«» in front can be increased by increasing the 
* P f 3yer l ° ' mpr0Ve ,he transmittance as represented by the prior art example 1 but because 

Lot Tm T ° P *? ^ f* el ° n9ated in ,he direction of tne «*» a "9'e. the transmittance ofthe squared 
lengthfluctuates greatly and the color difference becomes great. In contrast, in the panels of the 32th emSSr^ 
its modification, the gap of the protrusions or the slits is narrowed for the R and G pixels so as ; to rS^EJmS 
response speed of the liquid crysta.. and the transmittance becomes lower than that the prSart eSmpte Ta^ Z 
aperture rata, ,s lower. Nonetheless, because the thickness of each liquid crystal layer is se i so that STZ^miSiJ 

r^a^ 

to th^^tE? 9 10 ^ 3 ? emb0diment and rts modification can brighten white luminance to the level equal 

^^SSL^^S- ° T^ 0 " * ^ 133,16,5 " ra " 9e « an 9 |es " Because *e 

onSL^ ! un,lorm 80 as to correspond to the thickness of each liquid crystal layer display can be 

obtained with high color reproducibility even when dynamic image display is made 
Next, processes for forming protrusions will be described. 

When protrusions are formed on electrodes 12. 13 of a CF substrate 16 and a tft c,.h«»r=»« n ^ 



45 



SO 



55 



EP 0 884 626 A2 

lating protrusions, it is thought that an insulating layer used in the conventional process is further patterned in order to 
leave the pattern of protrusions intact For creating conducting protrusions, a conductive layer used in the conventional 
process is further patterned in order to leave the pattern of protrusions intact 

Fig. 133 is a diagram showing the structure of a TFT substrate in the 33th embodiment. The thirteenth 331h pro- 
5 vides a structure in which an insulating layer used in the conventional process is utilized for creating insulating protru- 
sions. In this structure, the ITO electrodes 13 are formed first. An insulating layer is formed on the (TO electrodes and 
portions of the insulating layer coincident with the ITO electrodes 13 are removed. At this time, portions of the insulting 
layer coincident with protrusions 68 are left intact. The gate electrodes 31 are then formed. An insulating layer is formed 
and portions of the insulating layer other than necessary portions are removed. At this time, if the protrusions are 
w required to have a certain thickness, portions of the insulating layer coincident with the protrusions 68 are left intact 
Thereafter, data bus lines and TFTs are formed in the same manner as a conventional process. In the drawing refer- 
frLTT! 1 J 3 dr3in (d3ta buS ,ine >" 65 denotes a cnannel protective fflm. 66 denotes a wiring layer used 
by rSS ' CeS ' den0teS a " ° Peratin9 ,3yer for transist0 '* T"e ITO electrodes 13 and sources are linked 

is Figs^l34A and 134B are diagrams showing examples of a pattern of protrusions manufactured according to the 
process described in conjunction with the 33th embodiment. Fig. 134A shows linear and parallel protrusions used to 

Z t d0main W ° t "° re9i ° nS - and Rfl 1348 ■»""■ P'°* usi °" s useS todivide an orient 
tation-d.v.ded domain into four regions. In the drawings, reference numerals 68 denotes a protrusion, and 69 denotes 

20 ■ 3S J a dia9ram Show | n9 the structure °» a P 3 ™' o» 34th embodiment. The 34th embodiment provides a 

structure^ which a conductive layer used in the conventional process is utilized for forming conducting protrusions In 

^T***? m l V , 9 T C T£ meta " iC ' ayer 70 for "*» f ™ TFTs is formed, an insulating layer 

S^S^ZttZ n °- 'L 0 e ' e f r0deS ^ ^ there ° n - ,ayer is formed therein. 

^VZ T !? 6 ^ formed ' and an insu,atin9 ,ayer is formed ,urtner «»»n. A layer of gate electrodes 

25 31 is then formal The .nsulating layer is removed except portions thereof coincident with the gate elSes At Ws 
time, portions of the insulating layer coincident with the protrusions 20B are left intact 

34th F J^mJ» nd p 13 tL S |! 0 K ^r'* 5 01 8 01 P rotrusions manufactured asdescribed in conjunction with the 
ritT^ p i2 B I 6 " h °" 8 " near and P 3 ™" 6 ' P rofrusio "s used todivide-an orientation-divided domain into two 
dSS^Sr* ^TJS" 8 Pr ° trUSi0nS US6d t0 divide an orientation^livided domain into four regions In *e 

rs fzr? ? i enote i a protrusion Re,erence numerai 35denotes a cs 

L In I ? ™ ? 9 ^° n9 the 6(1965 ^ P ixel electrodes so as to work as black matrices, but are separated from the 
TaSZZl b6CaUSe *" S e ' eCtr0deS 35 3PP,y 3 VOlte9e to the P ixel e,6Ctrodes So elecSS 

aLrSly afljctei ' ^ to *" Pr ° trUSi ° nS 2 ° B ' a ' i9nment * ,iquid crysta,,ine mo,6cu,e5 ^ 

sh JSn S^™ 3 * a , Pr0C6SS for manufacturin 9 th e TFT substrate of the panel of the 35th embodiment As 
shown ,n F,g. 137A. the gate electrode 31 is patterned on the glass substrate 1 7. Next, the SiNx layerTTe 7mo7 

6 5 !s etcS^n! 0 72 £ ' ayer 65 are S6rial,y formed " Furth6r - a * «" RB- 13 7B tle's^Nx Zer 
65 is etched to the a-S. layer 72 in such a fashion as to leave only the portion of the channel oratectino fZ Thl n+ 
S. layer and the TWT, layer correspond to tine data bus line, the source 41 ^T^^Ta^ZZ 

^s?^J V £ M " 88 10 ,6aVe ° n ' y * e P 0 ^" 8 ^e^nding to the data bus line the s^e^Ta^e 
dram 4*Atter the S.Nx layer corresponding to the fina. protecting film 43 is formed as sho wn in Rg^37D etches 

no toll^rt SUrfaCe 01 ? 9 ' aSS SUbS,rate 1 7 " SUCh 3 38 10 ,eave *. portior^ and ^cor^pond 

Fig. 138 shows the structure of a modification of the panel of the 35th embodiment and when the SiN* Mr 

toTth^'h^l » l nal T*" 9 film 43 is ^ etchins is made to the "pp- -2^3 J^2?4??S.' 

fore, the he.ght of the protrusion is the thickness of the final protecting film 43 * 

Figs. 139A to 1 39E show a process for manufacturing the TFT substrate of the panel of the 3Sth Pmhnrtmon. 4c 
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by using the data bus line, the source 41 and the drain 42 as the mask. After the SiNx layer corresponding to the final 
protecting film 43 is formed as shown in Fig. 139E. etching is made up to the surface of the pixel electrode 13 in such 
a fashion as to leave the portion necessary for insulation and the portions 43B and 40B corresponding to the orotru- 
sions. K 



s The explanation predetermined above explains the embodiments relating to the manufacture of the protrusion 20B 
on the side of the TFT substrate 1 7, but there are various modifications depending on the structure of the TFT substrate 
17, and the like. In any case, the production cost can be reduced by manufacturing the protrusion by conjointly using 
the manufacturing process of other portions of the TFT substrate 1 7. 

As has been explained already, the protrusion of the dielectric material disposed on the electrode has the advan- 

io tage that stable orientation can be obtained because the direction of regulation of the orientation by the slope coincides 
with the direction of regulation of the orientation by the electric field at the protrusion portion. However, the protrusion 
is the dielectnc material disposed on the electrode and the alignment film is formed on the protrusion For this reason 
the made of the liquid crystal cell becomes asymmetric between a pair of electrodes, and the charge is likely to stay 
with the application of the voltage. In consequence, the residual DC voltage becomes high, and the problem of so-called 

is burn" occurs if the area of the projection is relatively large. 

Figs. 140A and 140B show the relationship between the thickness of the dielectric material on the electrode and 

. l reS l l^ !.° tt f£ e - Fi8 - 140A iS 8 9raph snowi " 9 this re,a «°"ship and Fig. 140B shows the portion corresponding 
to the thickness d of trie dielectric material and the position of the occurrence of "burn". The vertical alignment film 22 
, ^' ' s ^ e,ec ^ ^c i materia, - and the sum of the height of the protrusion and the vertical alignment film 22 corresponds 
20 to the thickness d of the dielectric material as shown in Fig. 140B. The residual DC voltage increases with the increase 
o das shown in Fig. 140A. Therefore, burn is likely to occur at the portion of the protrusion 20 shown in Fig. 140B This 
ateo holds true of the case where the dielectric depression is formed on the electrode as in the eighteenth embodiment 
shown m Fig. 93. The 37th embodiment to be explained next is directed to prevent the occurrence of such a problem 

« n , * ! 3 ^ 14 lt Sh0W Structure of the P rotrusion in *e 37th embodiment. Fig. 141 A is a perspective view 
25 of the protrusion 20 and Rg. 141B is a sectional view. As shown in these drawings, the protrusion 20 has a width of 7 
m. the width of its upper surface is about 5 M m and its height is about 1 to 1 .5 M m. A large number of fine pores are 
formed on this upper surface, and each fine pore has a diameter of not greater than 2 urn 

Figs. 1 42A to 1 42E are drawings showing a method of forming the protrusion (on the side of the CF substrate) hav- 

30 ^ "IS? f i0 U2A ' the 9 ' aSS SUbStrate havin9 * e opposed e,ectrode 12 of the ITO film formed 
FioT^L Am, f 0t ° s c e " srt,ve res,n ( resist > is aPP"«* and is then baked to form a resist layer 351 as shown in 
n££H c A t P f T permrtt,n 9 liaW to transmrt thtouflh the portions other than the protrusion and the pore 

E^iS^^^r"** wrth *" res,st ,ayer 351 and exposure is ef,ec,ed - ^ p^ 0 " 20 *™ 

in Fig 1 42D k obtained by then carrying out development. When baking is made further, the protrusion 20 undergoes 
shrinkage, and the side surface changes to the slope as shown in Rg 142E 

35 th* ™ J? ^^1^1 * e f ' ne P0r6S formed in ,he protrusion descnbed above and the substrate not having 
« n £ *" reSidUa ' DC V0 ' ta9e * meaSured by a ,Bcker erasure method (DC: 3 V. AC" 2 5 V tern 

m£l to £cur 6 r6SidUal DC V ° ,ta9e 15 redUCed thiS nmr - sei2ure becomes 

40 fiek/llhas^^ 

.eld. It has been found out. however, when the gap of the protrusions becomes smaller to the size approximate to the 
Q TffT 6 m ° ,eCU,eS arS n0t ° rien,ed t0 ,he **» * * e f ine P^ The4TtSS crS 

EZZZSEZ^ 31 SUrfaCe POr, '° n ° f ,he P,0tri,Si0nS by the inf,uences ° f •» o^nwSn dS?l 

the slopes on both sides and are oriented along this orientation 

45 of * F m .!!? ^t^trusion struc< " f e of the 38th embodiment. In the 38th embodiment, a groove having a width 
of 3 M m and a small thickness is disposed below the protrusion 20B having a width of 7.5 urn on the TFT suSte sT 
Further, a chrornicshading .ayer 34 is disposed below the protrusion 20B Such a prttJon 2oK^ wS5£SS 
by Ihe same method as that of the 37th embodiment. When the residual DC voteoe is measured I to Z^ZZl 

In the protrusion structure of the 38th embodiment, the liquid crystalline molecules are not oriented at the orocve 

gTdetet^^^^ * ^ n ° * "<*«• and "° "ZES^JSZ 

l^7^^7^^ er - because i he 34 is disposed, leaking light due to abnomS o7 

enianon at mis portion is cut off and does not invite the drop of the contrast 

55 wA N<iXt !Sl haPe <° f S S6Cti0n * a reSiSt was examin «l- N°""<%. the resist has a section like the one shown in Ro 
144A immediately after completion of patterning. However, in the mode of the present Jerrtton a icZd^^Sn 

EE? a . TSS^T* 1 ^ contr,bu,es 10 more 5,35,6 ali9nmert - Substrates ^^Z^'^^^ 

baked at 200-C. whereby the sectional shape of the resist was changed into the one shown in Rg TS B Rgs MS? to 
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145E are diagrams showing a change in sectional shape ol the resist deriving from a change in temperature at which 
the patterned resist is baked. Even when the baking temperature was raised to 150°C or more, a further change in sec- 
tional shape was limited 

Talking of the reasons why the resist was baked at 200°C. aside from a reasons 
s is intended to be changed, there is another important reason. That is to say. when the resist employed in the prototypes 
a *°*? n Z m f V (at 135 ° C for 40 rt fe metted ^acting "Pon a solvent applied to an alignment film. In this 
embodiment, the resist is baked at a high enough temperature before the alignment film is formed, and thus prevented 
from reacting upon the alignment film H 

to n J^ e h , r St K emb ? ime Il! he 'Of* iS batad * 200 ° C 0,der t0 make the sec,iona, <* resist cylindrical. 
w Data that has been descnbed so far was acquired using the pattern of protrusions whose sectional shape is cylindrical 

n JlJ^IT.? "SJS 8 ^ * e SeCti ! r,al Sh3Pe * 3 r6SiSt iS made Cylindrical by optimizing the baking temperature.' 
Dependmg on the line width of a reset, the resist becomes cylindrical naturally. Figs. 146A to 146C are diagrams show- 
ing the relationsh.ps between the line width of a resist and the sectional shape thereof. When the line width is about 5 
is TmZfS' ' 6 ; eS ' St h8S a P r u eferab,e ^ iniricaS shfl P e natura "y Presumably, therefore, when the line width is about 
ilTST?? f 9 , 3 natUraMy CylindriCal s^" 31 shape 08,1 be formed - ,n an listing display, the 

h?. 1 • C T eterS ^ an aCtUa " y be 3d0pted - Dependin9 00 1,16 P^rmance of an exposure device even when 
*!uu ""^ of submicrons, the same alignment can be thought to be attainedinprinciple 

When a protrusion is used as the domain regulating means, furthermore, it becomes necessary to form a vertical 
ahgnment film thereon. Figs. 147A and 147B are secliona, views of a conventional pane, using profusion aT a SmaTn 

2 k T ^ " ,US,rateS the Protrusi0n - Relemno 10 Fia " 147A ' on »• «*•«« 16 and 1 7 are forme7c^,r 
filters and bus lines as we., as no electrodes 12 and 13. Protrusions 20A and 20B are formed thereof a£ veSca 
alignment Mms 22 are formed on the ITO electrodes 1 2 and 13 that include the protrusions 20A and 20B 

^i^T S '! n iS fc T ed * USin9 thS P° BWv ^P« Photoresist such as a TFT flattening agent HRC-1 35 man- 
ufactured by JSR Co. the surface exhibits poor wettability to the vertical alignment film, expels the material of the 

Rq ^ 

F.OJ47B shows this cordon. Therefore, it causes a problem in that no vertical alignment film 22 is formed on the sur- 
faces of the protrusions 20A and SOB. The protrusions 20A and 20B having no vertical alignment film 22 torn. Ton me 

rie^eTh rrX,^ T T*^ 8 d6Sired ° rient3ti0n leakage occurs from the protrui o^to dete 

norate the quality of display. A 39th embodiment is to solve this problem aere 

' monfn ° rdin9 , t0 !S? 39th embodimerrt - the su *ce of the protrusion is treated so that the material of the vertical alien- 
Z^S"? T^r 10 4,18 SUrf3Ce * ^ pr0trusioa •» tre *ment *> r cabling the material vertS. 
alignment film to easily adhere to the surface of the protrusion, it can be contrived to form fine ruggedness o tnTs? 
face of the protrusion so that the material of the alignment film can be favorably applied thereto JSmSS^JSe 

Ito^n ° n ?: be enhanCed re ' ative to the material 01 *» ««W -£nm« film Smen SJ52£2l 

.stormed on the surface of the protrusion, the liquid of the alignment film stays in the concave port^ 

of *e alignment film rs less expelled by the surface of the protrusion. The ruggedness car .he torn* fbJSw a^ilm 

Rgs. 148A to 148C are diagrams illustrating a method of forming protrusions accordina to a 39th emhndimont 

!Sf «f ; r h l treatment Referrin9 10 Fia 148A - 3 protrusion b * 252 • ££22« SEE 

l^nJ/l ' ^ C3S6, ,S 3 Pixe ' e,eCtrode 13 but ma * be an °PPOsi"9 electrode 12) The protmsion Mhas tJe 
shape of. for example, a stripe of a width of 10 „m and a height of i .5 ^m. The protrusio i S darnel edTaSume £ 
shape of a dome ,n cross section. The surface of protrusion on the substrate is subjected to me ^7^^^ 

t^TZf^T Th r 9h P ' aSma ,ine dents *™*» " *• «SS pSon as 

anniiari h 9 w rf 0D,3,ned SUbStrate is washed - and °"to which a vertjcal oriental S£eMs 

plasn^TsL^ 

m a crtp% P ^r S SL"!f ,0d °V tor ^ n9 rU " edn6SS - the substrate is ^"ed with a brush by using a substrate washino 
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of Figs. 148C is formed on the substrate by using a photoresist By using an excimer UV irradiation apparatus the sub- 
strate is irradiated with ultraviolet rays of a main wavelength of 1 72 nm in an environment in which an oxygen concen- 
tration is not lower than 20% in a dosage of 1000 mJ/cm 2 . This helps improve the wettability of the surfaces of the 
substrate and of the protrusion relative to the material of the vertical alignment film. The thus obtained substrate is 
s washed, dried, and is coated with the vertical orientation member by using a printer. Since wettability has been 
improved by the irradiation with ultraviolet rays, the orientation material is not expelled, and the vertical alignment film 
is formed on the whole surface of the protrusion. Thereafter, the processing is carried out in the same manner as that 
of the ordinary multi-domain VA system. The thus obtained liquid crystal display device exhibits favorable display dtod- 
erties without defect that stems from the expulsion of the alignment film. 
io Figs^ 151 A and 1 51 B are graphs illustrating a change in the expulsion factor of the material of the vertical alignment 
film of when the conditions are changed in which the protrusion formed of a photoresist is irradiated with ultraviolet rays 
Fig. 1 51 A is a graph illustrating a relationship among the wavelength, dosage (radiation quantity) and expulsion factor 
(repellent occurrence rat.0). Ultraviolet rays having a wavelength of not longer than 200 nm are effective. When the 

15 ^ZlTfL^TTZ f°° nm J he impr0vemen1 is accomplished to only a small degree. When the ultraviolet rays 
15 have a 2 wavelength of not longer than 200 nm. furthermore, no expulsion (repellent) occurs with the dosage of 1000 
2Sh ; J?J 15 8 " u * nrtin l> a relationship between the oxygen concentration and the expulsion factor of 
™™ I??J^T 0n ' S Uit ™° 1 * rays havin9 a ^deng* °« not longer than 200 mn with a dosage of 

1 00C I mi/cm*. In an environment where the oxygen concentration is low. ozone is not generated in sufficient amounts 
and the irnprovement is accomplished little. It is therefore desired that the protrusion is irradiated with ultravio™ £ys 

^ZZtoZt^f T 'T? 3 " 200 " m in a 2 " envir0nment h an concentration is not .owe Z 

20% with a dosage of not smaller than 1 000 mj/cm 2 . 

a iJ^rpc^^ tor , fleneratin 9 u,travio,et ravs ha ™9 a wavelength of not longer than 200 nm. there can be used 
a low-pressure mercury lamp in addition to the above-mentioned excimer UV irradiation apparatus 

In the above-mentioned processing, the substrate was washed and dried after irradiated with ultraviolet rays How- 
ever, the substrate may be irradiated with ultraviolet rays after it has been washed and dried. In thi case ^^sfnce the p^- 

So° m ZSTj* > UKraV !? et ^ jUSt Pri ° r 10 Pfinting a " a,i9nment fi,m ^ability is nouS^by 

being left to stand after it is irradiated or by washing. . tw "~ u ' 

are ^S^S^H! P r0trusio " 03,1 be ******* proved i a silane coupling agent, an alignment film solvent, etc 

KiSS^^nSTT * I **** the " a,i9nment Wm * formed - More «"™»«* *• s "^aVe 
K bated (annealed) and the shape of the protrusion is turned into the semicylindrical shape as shown in Fig 146 After 

ZSSZZ LTitf h hexamett,y,disilane < HMDS > is app-ied * "smg a spinner. A^ertica. orientation "rr^Hs 
apphed to the substrate by using a pr.nting press. In this way. the vertical alignment film is satisfactorily formed on the 

o ! T™"?. nddenta " y ' N " meth ^^e (NMP) may be applied in place of HMDS. FuZ printing 
of the ^ vertical aliment film may be carried but in a sealed NMP atmosphere and in this case, too the verLTS 
ment f, m, can be formed satisfactorily on the surface of the protrusion. Various solvents are avaSe as the sdvertto 
be app -ed before the formation of the vertical alignment film, and gamma-butyro.actone. met^ ^oWe £ as Z 
solvent of the alignment film can be used, for example ceiiosoive. etc, as the 

sion X StV llSZ^^T™* T UMM " a " of *• P roduction ™«"* of the protru- 

sion n the 39th embodiment and represents an example wherein the protrusion is formed by a material disoersino 
therein f.ne partictes (particulates, (example of the CF substrate side). As shown in Fig. 1^ 
sitive resin (resist) 355 containing 5 to 20% of fine alumina particles having a grain sLe of nrtSter tten^ in 
mixnire is applied onto the electrode 12. The resist 355 is exposed and developed by using a DtotoWk 3sf XI 

canbe obtained. The fine alumina particles 357 protrude from the surface of this protrusion 20A am fail e*iL~*Z 

r^l^^^^ 

reason, wettability can be improved when the vertical alignment film is applied 

^ Z^^nZT^™*™?"* °" ,hC SUrfaCe 0f 1,16 P"*"*" in embodiment described 

— o, me ^ MA but s^'^rsj^^sr^.ts- 
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number of concave-convexities are formed, and wettability can be much more improved than in the embodiment shown 
in Rg. 1 54 when the vertical alignment film is applied. 

Figs. 154 A and 154B show another manufacturing method of the concave-convexities on the surface of the protru- 
sion by the fine particles. In this example, after the resist 360 is applied to the surface of the electrode 12, the fine alu- 
mina particles 361 are sprayed and allowed to adhere to the surface of the resist 360. followed then by pre-baking. 
Thereafter, the protrusion is patterned in the same way as in the prior art. and the protrusion 20A shown in Rg. 154B 
can be obtained. When this protrusion 20A is washed, the fine alumina particles 361 exist on the surface of the protru- 
sion 20A and fall off from the surface to define the holes. In consequence, the concave-convexities are formed. 

Figs. 155A and 155B are explanatory views useful for explaining an example of the manufacturing method of the 
protrusion in the 39th embodiment, and represents the example wherein a protrusion material is foamed to form the 
concave-convexities on the surface of the protrusion. The resist for forming the protrusion 20 is first dissolved in a sol- 
vent such as PGMEA (Propylene Glycol MonoMethyl Ether Acetate), for example, is applied by a spinner and is then 
pre-baked (pre-cured) at 60°C. Under this state, large quantities of the solvent remain inside the resist. Patterning is 
then carried out by exposure and development by using a mask. 

According to the embocfiments as described above, as shown in Fig. 156 with a broken line, the temperature is 
gradually raised inside a clean oven up to 200°C in the course of 10 minutes, is held at this temperature for longer than 
75 minutes and is gradually returned to the normal temperature in the course of 10 minutes. In contrast, according to 
this embodiment, as shown in Fig. 156 with a continuous line, the substrate is placed on a hot plate at 200°C and is 
heated for 10 minutes At this time, about one minute time is necessary to raise the substrate temperature to 200°C. 
Thereafter, the substrate is left standing for cooling for 10 minutes to the normal temperature. When quick heating is 
carried out in this way. the solvent inside the resist is bumped and bubbles 362 are formed inside the resist as shown 
in Fig. 1 55A. The bubbles 362 are emitted outside from the surface of the protrusion 20 as shown in Fig. 155B. At this 
time, the traces 363 of the bubbles are left on the surface of the protrusion, forming thereby the concave-convexities 

Incidentally, when the resist dissolved in the solvent is stirred before the application and the bubbles are introduced 
into the resist, foaming is more likely to occur than when the resist is quickly heated. Stirring may be carried out while 
a nitrogen gas or a carbonic acid gas is being introduced. According to this method, the bubbles of the gas are intro- 
duced into the resist and a part of the gas is dissolved in the solvent, so that formability at the time of heating increases 
Water of crystallization which emits water at about 120 to about 200°C or a clathrate compound which emits a guest 
solvent may be mixed with the resist, too. Water is emitted from water of crystallization and changes to a steam or the 
guest solvent is emitted at the time of heating, and foaming is more likely to occur. A solvent or a silica gel adsorbing a 
gas may be mixed with the resist. The adsorbed solvent or the gas is emitted from the silica gel at the time of heating 
and consequently, foaming is more likely to occur. Incidentally, the solid material to be mixed must be smaller than the 
height of the protrusion and its width, and must be pulverized in advance to such a size. 

The fine pores are formed in the protrusion in the 37th embodiment whereas the grooves are disposed in the pro- 
trusion in the 38th embodiment, and according to such structures, the vertical alignment film can be formed more easily 
on the surface of the protrusion. Figs. 1 57A to 157C show another method of forming the protrusion having the grooves 
such as those of the 38th embodiment. 

As shown in Fig. 157A, the protrusions 365 and 366 are formed adjacent to one another by using a photoresist 
which is used for forming a micro-lens The patterning shape of this micro-lens can be changed depending on the light 
reflection intensity, the baking temperature, the composition, and so forth, and when the suitable baking condition is set 
the protrusion collapses and changes to the shape shown Fig. 157B. When the vertical alignment film 22 is applied to 
this shape as shown in Rg. 157C, the vertical alignment film 22 can be formed satisfactorily because the center of the 
profusion 20 is recessed. After the material described above is applied to a thickness of 1 .5 urn, the protrusions 365 
r ,1 i*£ patterned t0 a width of 3 ^ m and a <> a P 0* 1 ^ between the protrusions. The film is then baked at 180°C 
for 10 to 30 minutes. As a result, two protrusions are fused to each other to form the shape shown in Fig 157B A 
desired shape can be obtained by controlling the baking time. The protrusions 365 and 266 can be fused to one another 
when the height is from 0.5 to 5 urn. the width is from 2 to 10 urn and the gap is within the range of 0.5 to 5 urn When 
he height of the protrusions is greater than 5 M m. this height affects the cell thickness (thickness of the liquid crystal 
layer) and .mpedes injection of the liquid crystal. When the width of the protrusion is smaller than 2 M m, on the other 

^rfJ^c° nW l atl ° n limitin9 forCe 0f the P rotrusion ^ops. Furthermore, when the gap between the protrusions 
exceeds 5 urn, the two protrusions cannot be fused easily and when it is smaller than 0.5 M m. the depression can not 
be formed at the center. 

In the foregoing was described the treatment for improving wattability of the protrusion relative to the material of the 
ahgnment ( m accord^ to the 39th embodiment. Here, the protrusion may have any pattern and may not be of the 
shape of a dome in cross section. Moreover, the material forming the protrusion is not limited to the photoresist but may 
1^1"* P?"** rt of * P^on in a desired shape. By taking into consideration the 

££T? I P ^! to \T™ 0< rua9edness in a subsequent process, however, h is desired to use a material which 
.s soft. G not eas.ly peeled off and can be subjected to the ashing. The materials satisfying these conditions will be pho- 
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toresist, black matrix resin, colored fitter resin, overcoating resin.and polyimide resin. These organic materials make it 
possible to improve (treat) the surfaces through the ashing or UV irradiation. 

According to the 39th embodiment as described above, wettability of the surface of the protrusion is improved for 
the material of the alignment film, making it possible to prevent a trouble in that the alignment film is not formed on the 
5 surface of the protrusion, the quality of display is improved and the yield is improved. 

In the past, a so-called black matrix is placed on the perimeter of each pixel in order to prevent deterioration of con- 
trast deriving from leakage of light passing through a region between pixels. Fig. 1 58 is a diagram showing the structure 
of a panel of a prior art provided with black matrices. As illustrated, a red filter 39R. green filter 39G. and blue filter 39B 
that coincide with red. green, and blue pixels are formed on a color fitter (CF) substrate 16. and ITO electrodes 12 are 
io formed on the CF substrate. Furthermore, black matrices 34 are formed on the borders among the red. green and blue 
pixels. Data bus lines and gate bus lines or TFT devices 33 are formed together with ITO electrodes 13 on a TFT sub- 
strate 1 7. A liquid-crystal layer 3 is interposed between the two substrates 16 and 1 7. 

Fig. 159 is a diagram showing the structure of a panel of the 40th embodiment of the present invention and Fig 
160 is a diagram showing a pattern of protrusions over pixels in the 40th embodiment. As illustrated, the red filter 39R 
ts green filter 39G. and blue filter 39B are formed on the CF substrate 1 6. As shown in Fig. 160. the protrusions 20A for 
controlling alignment which are included in the liquid crystal panel of the first embodiment, are formed on the CF sub- 
strate 16. though they are not shown in Fig. 159. The protrusions 20A are made of a light-interceptive material Protru- 
^ 2" ihs ^ imeters 01 The protrusions 61 are also made of a light-interceptive material and 
function as black matrices. The necessity of forming the black matrices 34 like in the prior art is obviated The protru- 
>o sions 61 functioning as black matrices can be formed concurrently with the protrusions 20A. Using this process of man- 
ufacturing the step of creating black matrices in the course of creating the CF substrate 1 6 can be omitted. Reference 
numeral 62 denotes a TFT in each pixel. The protrusions 61 are designed to intercept light from the TFTs 

In Fig 189. the protrusions 20A and 61 are formed on the CF substrate 16. Alternatively, the protrusions 61 or 20A 
^ T^. , ^ med ° n the TFT 8ubstra,e 1 7 - to this structure, a mismatch between the CF substrate 
16 and TFT substrate ,17 occurring during bonding need not be taken into account. Consequently, the numerical aper- 

?J? 6 S?L 6 *** ° f 3 bondi " 9 step <*" be im P roved outstandingly. Assuming that the CF substrate 16 is 
ZSHZ ^ mh WC S T ^ IT ° e,eCtr0deS 13 0n ,he TFT open portions ftSKSioS 

^£^2L £ SUbS ! rate 1 6 deSi9ned to 66 mutua,,y identical ' » a bondin 9 mismateh occurred in the 
SSI^LiT > ff"" 9 ? • flie miSmatCh re9i0n wouW cause 'to** leakaae - Thisdisables normal display. Gen- 
Tln~Zl h ' 9h - prec,s,on bondin 9 is a matching error of about ± 5 micrometers Gun) is present 

A corresponding margin must therefore be preserved. In consideration of the margin, an aperture for each black mafrix 

TrZ '? th ele S d ^l ,0rmed ° n "» TFT 1 7 bv *oul 5 to 10 micrometers. When the protrusions eTSe 

r?um e 1^L SUte r te 17 ' ^ Pane ' iS fr6e fr ° m the "fr"" *** of *• »»*B mismatch. Consequently, %l 
numenca aperture can be maximized. This advantage becomes greater as each pixel of the panel gets srrSleTThatVs 
as a resoluhon improves. For examp.e. in this embodiment, a substrate having ITO electrcdeJof pfxefs oTwWch S 
« 80 m,crometers and height is 240 micrometers is employed. In any of the o^nventiona^Stes See a S ToTs 
a m rSZ e ^ S f needed i he H len9ttl ° f •» become 70 aerometers and 230 mictomae* S 

11 ofihf f n T^J 0 ' ^ *** beC0m6S 16100 Micrometers. By contrast, in this embooSem Z 

ZZiJ f °l eaCh u p,xel is 19200 - W micrometers. The numerical aperture is improved to be 

mately 1.2 times larger-than the one permitted by the c^ventio,*! mode. For real^ 

ete^et^ 

convent,onal mode, the area of the aperture for each pixel is 3300 square micrometers In this 

advaC T Pefmitted * me COnVenfi ° nal ma,e - ^ the hi 9 her -Solution is. thTgrea^e 

ok,/' 9 *, 16 1 l a , dia 1 9ram showino - a P 3 "*" of a Wack matrix (BM) according to a 41th embodiment It was described 

^ « ^ re9U ' atin9 m6anS A minute d0main bavi "9 a " orieSon tg e i dmS 

located at about the top of the protrusion can be used as described above The licjht leaks however uni«c JlZ^l 

orientation can be secured at about the top of the protrusion. For the cm? to T^T^^TJ^* 
JT" T*^ maSked " ° ne meth0d °' B "" Wn » 016 P rofrusion « totXp^on o U I^Sd 

cell ilSSSS fT' J" B -£! 34 iS USSd for Shie ' ding ,he ,eaka S e *** at the TFT and the boundary between the 

sCSte^t Z^IT*™*?^™- US6S *• BM alsoa t^ a ^" regutetJng^s Con - 
sequenfly the leatege^ht at the the domain regulating means can be masked for an improved contrast. 

F ( g. 1 62 is a sectional view of a panel according to a 41 st embodiment. As shown the BMs 34 are arrant at no*i 

Hons corresponding to the protrusions 20A. 20B. the TFT 33. and the interval betweJ l^tafn^ c^SS 
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line 31 is shown) and the cell electrodes 13. 

Fig. 163 shows a pixel pattern according to a 42nd embodiment Conventionally, a delta arrangement is known in 
which the display pixels, which are substantially square in shape, are arranged in adjacent columns one half of a pitch 
displaced from each other. In a color liquid crystal display device, a set of color pixels is configured of three adjacent 
pixels of 13B. 13G. 13R. Each pixel is almost square in shape, and as compared with a l-tc-3 rectangle, an equal pro- 
portion of liquid crystalline molecules can be easily secured in each direction of division without reducing the protrusion 
interval considerably. In such a case, the data bus line is extended in zigzag along the perimetric edge of the pixel. In 
this way. the delta arrangement is very effective in the case where a protrusion arrangement or a depression arrange- 
ment is continuously formed over the entire substrate surface for orientation division. 

The 43rd embodiment to be described next is an embodiment using the protrusions for controlling alignment or the 
protrusions 61 serving as black matrices in the 40th embodiment as spacers. As also shown in Fig. 19. spacers are 
used to retain the distance (gap) between two substrates (thickness of cells) at a predetermined value. Fig. 1 64 is a dia- 

w2T S £°T:Li he StrUCtUre 01 8 panel ° f a prior art - wherein spacere 45 are P' aced on borders between pixels and 
define the thtckness of cells. The spacers 45 are. for example, spheres having a predetermined diameter 

Figs. 1 65A and 165B are diagrams showing the structure of a panel of the 43rd embodiment. Fig. 165A shows the 
structure of the panel of the 43rd embodiment, and Fig. 165B shows a modification. As shown in Fig. 165 A. in the panel 
of the 43rd embodiment, protrusions 64 formed on the perimeters of pixels are made as thick as cells, and thus define 
the thickness of cells. In the drawing, the protrusions 64 are formed on the TFT substrate 17. Alternatively, the protru- 
sions 64 may be formed on the CF substrate 16. This structure obviates the necessity of including spacers No liquid 
crystd is present at the positions of the protrusions 64. For a vertically-aligned panel or the like, the positions of protru- 
sions (cell holder areas) of the panel appear in black all the time irrespective of an applied voltage. The black matrices 
are therefore unnecessary, and the protrusions 64 need not be made of a light-interceptive material but can be made 
of a transparent matenal. 

In the 43rd embodiment shown in Fig. 165A. the protrusions 64 define the thickness of cells. The precision in thick- 
ness of cells is dominated by the precision in forming the protrusions, and is therefore poorer than that permitted when 
he spacers are used. A panel having the structure of the sixteenth embodiment was actually produced. As a result a 
evel of uncertainty in thickness of cells can be controlled within ± 0.1 micrometers. This level would not pose any par- 
Z Sir P „ ^° We ?' thiS StmCUjre iS unSuitable when ** mickness of cel 's ™*t be controlled strictly. 
SbT™, ^ ,n t 67B iS 8 StrUCture intended t0 «*» mis P rob,em - ln modification shown in Fig 
167ft the spacers 45 are mixed in a resin to be made into the protrusions.65. and the resin is applied to the substrate 

S ,S ' ^ Pattemed in t0 form the pr0truSions - ,n «• ™**<*ti°n. the merit oTlhe 43rd 2ZES% 

that the spacers are unnecessary is lost, but there is a merit that the thickness of cells can be defined irrespective to 

S^t^S^T^* 1 ^ '""""1 80 PredSe,y that an err0f ms Within 1 0 05 Urometers. Nevertheless,^ 
befn ■ ♦ ^r"* S ' nCe me SpaCSrS 3re mixed in a resin ' the I*"** are """Bed while the resm is 

^SS^^TT Z nCCeSSity ° f SC3tterin9 the SpaC6rS at a P roduction ste P ™* of steps 

included in the process does not increase. ^ 

«m T 9S 16 1 A !U 1668 3re diagrams snowin 9 aether modifications of the 43rd embodiment. Fig. 166A shows a 
structure in wh,ch #» protrusions 64 of the 43rd embodiment are replaced with protrusions 81 made o? a S-inter^p 
It H ^ F f „ 166B shows a structure in which the protrusions 65 shown in Fig. 1 65B arTreSaleSZ^pr^. 
sions ; 82 made of a l,ght-mterceptive material. As mentioned above, in Figs. 165A and 165B the profusion S and \tt 
may be made of a transparent material. The protrusions can stJH fill the roTe of ^<^c^hZZT^^ 
trusions are made of the light-interceptive material, perfect light interception can be achieved P 

strate^^ 

- ss^Ksr' mickness - cei,s An effert - 

In the 43rd embodiment and its modification, protrusions lying on the perimeters of pixels are ussri ro d*™ 

. ssssl ssssr*" aii9nment for - ~ s ^zi e x to ^x 

arelTJtT*- "J?* 4 ° th embodiment ' ^ embodiment, and modifications of the 43rd embodiment protrusions 
1 ?Tp ^ Penme,erS * Pixels *» Protrusions may be formed on pTSSprtSISS 

JS 5 ^ »ne P^ons 61 . 64 and 81 to 84 in the 43rd embodiment and its nS^ Z bfSde 

of a hght-.ntercepfcve material and formed along one sides of only TFT portions of pixels that is iSSnTffi «n^TS 
55 F,g. 59. As mentioned above, as far as a so-called normally bteck-mode^ne. that Z a ' £ mEZ^^ZT 

■ght leakage hardly poses a problem. In this embodiment, therefore, only the TFT portions oTpS *e coltStSrf a ' 
.^ht-mterceptve resin but the drain bus lines and gate bus lines surrounding the EK. ZZTte 
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mentioned above, as the number of light-interceptive regions decreases, the numerical aperture improves accordingly. 
TOs is advantageous. The structure in which protrusions are formed along only the TFT portions can be adapted to the 
43rd embodiment and its modifications shown in Figs. 165A to 169. 

In the 43rd embodiment the black matrix is provided with the function of the spacer but according to the prior art 
5 sphencalspacers having a diameter equal to the cell thickness are sprayed on one of the substrates having the vertical 
alignment film formed thereon and then the other substrate is bonded. When the protrusion is formed on the electrode 
« P me SpaCers 80 * pray8d is t**®™* on to Protrusion, if the diameter of the spacers is equal to the 
cell thickness in the case where no protrusion is formed, the cell thickness becomes greater than the desired thickness 
due to the existence of the spacer on the protrusion. Further, when any force is applied from outside to the panel that 
io isor.ce assembled and the spacers move on the protrusion, the cell thickness becomes greater at that portion and the 
Pf !l , ? " on - unrform dis P |a y develops. The forty-fourth embodiment to be next explained is directed to solve this 
problem by decreasing the diameter of the spacers in consideration of the thickness of the protrusion 

F,gs. 168Ato 168C show the panel structure of the 44th embodiment Fig. 168 A shows the TFT substrate 1 7before 
« TrfSTi^A ' lf 1C pS°T the CF SUbStrate 1 6 before assemb| y *0. 16SC shows the assembled state. As shown 
J£, oo T .1 ?' * e pr0truSIOn 20A 18 farmed ™ *• electrode 12 of the CF substrate 16 and the vertical align- 
merit film 22 ,s further formed. The protrusion 20B is formed on the electrode 1 3 of the TFT substrate 1 7 and the vertical 
alignment film 22 is before assembly and further formed. The protrusions 20A and 20B have the same height of 1 am 
and are assembled so that they do not cross mutually when viewed from the panel surface. The cell thickness is 4 

«, *TTT l TK diameter 01 *• Spacer 85 "»* of a p,astic material is 3 V" which is the balance obtained 
» by subtracting the he,ght of the protrusion from the cell 163 A thickness. As shown in Fig. 168A. 150 to 300 pcsW^ 

ZZZESTTl ¥?Z? ° n *" TFT SUbStrate 17 A SSal is tormed from a boding resin on the CfSEZ 
j£H H Tn * e oo 6 ; S b0n * d t0 ,he TFT 1 7 11,8 "P"** 85 are P"*"* on the protrusions 20B 

tio ^ Zl T£? °, * 3 "ST Pr0babi,rty 35 ShOWn i0 Rfl - 1680 ™ s P robabi,itv corresponds to the proper 
» T^I^JTh ^^^^^^.^^SOB to the entire area. Under the state shown in Fig. leaC.theceHtNck- 

' or^lTr^™ ^ P ^ Srt, ° ned ° n Pr0tmSi0nS 208 ° f ^ 1,16 P rofrustons A and •» thickness of the 

eISL s thfl S 685 , S T ^ Ce " tHiCkneSS iS ' imited by ^ protrusions 20A «» 20B - •» cei thickness hard* 
exceeds the desired value. Even when the spacers at portions other than the portions of the protrusions move to ^e 
protrusion portions dunng the use of the panel, the cel. thickness does not become thick, and even Sn 

i^cers 00 POrti0nS t0 POrti ° nS 0,h6r th3n ^ PM ° n P ° rti0nS - ^ Cha "9 e ^iSSS 

thJSUS^ a i rHph Sh0Win9 ,he relationsni P betweer > the scattered (sprinkle) density of the spacers and the cell 

4 ir±^ 5 z en 8 densi,y * ,he ,s 100 ,o 500 pcsW the cen thi ^ ess «^si5?s 

35 ♦ ^r 9 ' 172 Sh0WS me ex P erimental resu| t ol variance of the cell thickness that occurs when a force is aoolied 
SJ^f * tha " 150 5 P cs/mm2 . ^"ance is likely to occur again t the force applied and when the scat- 

40 rJ? 4 5 ' r T U I aCtl i rin9 pr0Cess 01 ,he ^y 5131 dis P'ay Panel, ionic impurities are sometimes entrapped and ions 

r c t and ions eiuting ,rom me a,i9nment ,i,m - •» pS"*" to ' mi "s n-sns 

etc. mix m the l.qu.d crystal panel .n some cases. When the ions mix into the liquid crystal panel the specific resistance 
trode^aVt^olTn^ 

troae. used as the domain regulating means in the embodiments described above There are two n»*h«H c ~t ~~ Z 
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because the bonds of the protrusion forming material are more likely to be cut off than the bonds on the surface of the 
substrates, only the protrusions come to possess the ion adsorption capacity even when the ultra-violet rays are irradi- 
ated to the entire surface of the panel. The vertical alignment film is formed after the ultra-violet rays are irradiated. 
An ion exchange resin, a chelating agent, a silane coupling agent, a silica gel. alumina, zeolite, etc. are known as 
5 the matenals having the ion adsorption capacity. Among them, the ion exchange resin exchanges the ions and supple- 
ments the ions that have existed as impurities from the beginning. Instead, it discharges other ions and for these rea- 
sons, it is not suitable for the protrusion forming material. Among the materials having the ion supplementing capacity 
some matenals exist which have the ion supplementing capacity without emitting the substhuent ions, and such mate- 
.„ n ^ sa : e P re, erablyused. Examples of such materials are crown ether having the chemical formula shown in Figs 171A 
w and 1 71 B and kryptand having the chemical formula shown in Figs. 1 72A and 1 72B. Further, inorganic materials such 
as alumina and zeolite have the capacity of supplementing ions without emitting ions. Therefore, these materials are 
used, Incidentally, since the kinds of the ions adsorbed by one ion adsorption material are limited, materials adsorbing 
different ions are preferably used in combination. 9 

« from a positive type res.st. and is subjected to the treatment for imparting the various ion adsorption capacity described 
aboveso as to manufacture the panels. Fig. 250 shows the result of measurement of the initial ion density and the ion 
density (unit: pc) after the use for 200 hours of the panel so manufactured. In Fig. 250. ultra-violet rays of 1 500 mJ are 
irradiated ,n Example C. 0.5 wt% of crown ether is added in Example D, zeolrte Padded in Exan^e E and 
and zeo ,te are added m Example F. For reference, the case where the treatment for irrpartngWion adsorption capac 

20 ,,y 1S not carried out b represented as Comparative Example. A 10 V triangular waiving a frequency of o iT is 
applied a the time of use. and the temperature at the time of measurement is 50«"C. It can be a^prec^ted from *e 
^2l^n»! u 01 1 6 i0n J ^ remainS at substentia "y th ° same level regardless of the ion adsorption 
but when the treatment is carried out. the increase remains small ' 

25 i^r^lT^? t0 ^ *?, I ultra - violet "V s are '"^ted and the sample which is not at all treated are sub- 
[ZTJZ^r 9 t6St ^ Un - fr6ated ** dTOS "» in » e to 

~a^^^ 

30 As mentroned above, if a pattern of protrusions can be drawn on the CF substrate 16 in the conventional manufac- 
turing process, since a new step need not be added, an increase in cost deriving from drawing of a pattern cTp^uton 

SSZTSS, TZTT T^r 1 " l an embodiment in which a ^ 01 « «2S^S 

or suostrate 16 Dy utilizing the conventional manufacturing process 

3S in Fig' ™ 3 ii E^JSZ^J^J? K*™ " *" ° F * *« 451(1 embodiment. As shown 

hJ r P JZl ♦ 7* f nbod,ment - »» ""or f'»»er (CF) resins 39R and 39G (and 39B) are applied pixel by pixel to 
he CF substrate 1 6. Black matrices or an appropriate material such as a CF resin or any ott* fUtonta ZZ 
to define a pattern of protrusions 50A by tracing predetermined positions ITO (t^^ZT^L S a ! 

<o atte 9 ■ " 3 Certain thiCkn6SS iS need6d Fr ° m thiS viewpoint ' *• ad °P fon * * «K55T: 

Fig. 1 73B is a diagram showing a modification of the CF substrate in the 45th embodiment mark raWm ~ „ 

55 protrusions are formed near the centers of the pixels substrate 17. pyramidal 

Fig. 175A » I80B are diagram, showing exarrsiasof the aructura of theCF substrate of the 46* «AorJmaM. 
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Fig. 175A stows a structure in which the black matrix (BM) 34 is interposed between each pair of the CF resins 39R 
and 39G. The black matrices 34 are formed thicker than the CF resins, and the ITO electrodes 12 are formed on the 
black matnces 34. The black matrices 34 become protrusions. Even in this case, the black matrices 34 should prefera- 
bly be made of a resin or the like. 

s In Fig. 1 75B. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12. The CF res- 
ins 39R and 39G are applied to the black matrices, thus forming color filters. Thereafter, the CF resin 39 is applied in 
order to form protrusions 70. The ITO electrodes 1 2 are formed on the protrusions. 

In Fig. 1 76A. the thin black matrices made of a metal or the like are formed on the CF substrate 1 2 The CF resins 
39R and 39G are applied to the substrate, thus forming color filters. A resin other than the CF resin, for example a resin 

10 used as a flattening material is used to form protrusions 71 without the use of the black matrices 34. The ITO electrodes 
12 are then formed on the protrusions. In this case, like the structure shown in Fig. 175A. the flattening material is 
applied thicker than the CF resin. 

In Fig 1 76B, a resin or the like is used to form the black matrices 34. of which thickness is the same as the thickness 
of protrusions on the CF substrate 1 2. The CF resins 39R and 39G are applied so that they will overlap the black matri- 

is ces 34. thus forming colorfilters. Thereafter, the ITO electrodes 12 are formed. The portions of the CF resins overlap- 
ping the black matrices 34 serve as protrusions. 

In Fig. 177A. the thin black matrices 34 made of a metal or the like are formed on the CF substrate 12 and the CF 
\™ f 9 "^, the " aPPl,6d to *" substrata hereafter, the CF resin 39G is applied to overlap the CF resin 39R. and the 

,„ I e| ectr«tes 12 are then formed. Portions of the CF resin 39G overlapping the CF resin 39R serve as protrusions At 

SIT 5 ^if™!' me WaCk ma,riCeS 34 are induded tor TOt a,lowin 9 P 35 *^ of light. Either of the color 
filter resins may overlap the other color filter resin. According to this structure; protrusions can be formed at the step of 
forming color filters. The number of steps will therefore not increase. 

In Fig^B. a flattening material 71 is applied to overlap parts of the CF resins 39R and 39G on the same sub- 
strate as the one shown in Fig. 176A. Portions of the flattening material 71 overlapping the CF resins serve as protru- 
* sions^ Owing to this structure, the flattening material 71 can be made as thin as the height of protrusions 

The aforesaid structures are structures in which ITO electrodes are formed on protrusions and electrodes have the 
protrusion^ Next, an example of a structure in which an insulating material is used to form protrusions on the ITO elec- 
trodes will be described. 

n . II 8 ' aft6r °° l0r ,a,erS formed ™ the CF 16 by applying the CF resins 39R and 39G the ITO 

^ WaCk matriCeS 34 3re ,hen P ' aCed in 0rder to ,orm P"**~ ^en in thfcase. 2 

number of steps will not increase. 

Co^Vllt^Z**^ bl&Ci ? matriC6S 34 3re f ° rmed ° n CF substrate 16 - 106 ,TD electrodes 12 are formed. 

thJ CF TJ2n ZT* Z bV aPP ' yin9 ^ CF r6SinS 39R 3nd 390 At this time ' the CF resin 3 *G * allied to overlap 
the CF resin 39R. thus forming protrusions. Even in this case, the number of steps will not increase 

. InFig 179B after the rthin black matrices 34 are formed on the CFsubstrate 16. color filters are formed by applyino 

cf TZ^JI 0 ^"*' 0 ** 5 12 are formed 0n the CF sube,rate 16 - f irt ers are formed by applying the 

In Ho Zi J l ?k 6 l ?l' MWC " 34 ^ th6n P ' aCed ° n the ^ ,atera ' thus fo ™"° Protrusion? P ' 9 
the CF Linf 39R ?Q? n a f,^" 13 ^ 063 f 4 3i ; e tormed 0 " the CF substrate color fitters are formed by app.ying 
h! 1 Oft A J ,atten,n 9 mater,al 72 is "sed to flatten the surface. The ITO electrodes 12 aTe then 
formed on the surface and the black matrices 34 are further formed, whereby protrusions are realized 

47* JSJJ ? -I nl re di39ramS illustratin 9 »» steps tor producing the color filter (CF) substrate according to a 
47th embodiment The CF substrate has a protrusion as a domain regulating means according to a 

Jfr"^ !° F l 9 181A ' 3 9l3SS subs1rate 16 is Prepared. Then, as shown in Fig. 181B. a resin (resin B CB-7001 

ZEE?? 3^rn H eTl?hi 39B ' ? "TrT ,IUe m& '* 0nto ^ss subSrilTrr^'iS a 

thickness of 1.3 pm. Then, as shown in Fig. 181C. the resin B is formed on the portions of theblue (B) pixel BM oorton 
and protrusion 20A by the photolithography method using a photomask 370 asshown. Next referring to Fio TlS a 
SSZTiS ^ manu,actured * ** Co) 39R' for red fitter is applied to forrnlheVeTS £.£ Znl 
«£n *(£\o£\Z£TJ? ^ Si ° n f by P^ography method. Referring to Fig . I SIE.TnSn 

o Z IS' TS^T Y U " H8nto 000 39G * for 9reen ,ilter is to ,orm me Q on the portSs 
o the green (G)p,xel. BM portion and protrusion 20A by the photolithography method. Through the above-rnert^S 

1 ? -S r p " X T 9 T'^ H (CF) layers are formed in one ,ayer on * on p" »«*» b q ISTSSTSS 

f 0 A S ^ T l T 6B 661,19 Superposed one "P°" *• ^ on theBM portion Son EJJSS 
ml^e^^^ 

t ai ni^. a r rePa L en !!| attenin9 reSi " (HP " 1009 "W"**^ by Hitachi Kasei Ca) is applied by a spin coater main- 
taining a thickness of about 1.5 ^m. post^aked in an oven heated at 230-C for one hourTnd an to ffl m SSSJ 



EP0 884 626 A2 



mask-sputtenng. Referring next to Fig. 181F. a black positive-type resist (CFPR-BKP manufactured by Tokyo Ohka Co ) 
is applied by the spin coater maintaining a thickness of about 1 .0 to 1 .5 u. pre-baked. and is exposed to ultraviolet rays 
having a wavelength of 365 nm in a dosage of 1000 mJ/cm 2 from the back surface of the glass substrate 16 through 
the CF resin. The portions where the resins B. G and R are superposed in three layers permit ultraviolet rays to transmit 
5 through less man through other portions, and where a threshold value of exposure is not reached. When developed with 
an alkali developing solution, the BM portion 34 and the protrusion 20A are formed that were not exposed to light and 
are post-baked in an oven heated at 230»C for one hour. Moreover, a vertical alignment film 22 is formed to complete 
the CF substrate. p 

.„ - R f J 8 ! iS 3 S6Cti0nal Vi8W 01 8 ,iquid crystel by sticking the CF substrate 16 prepared as 

™ , ^ , a J?7 SUbStrate 17 t09ether ,n the ^ substrate a s «< 21 * formed as a domain regulating 
means in the pixel electrode 13. and a vertical alignment film 22 is formed thereon. Reference numeral 40 denotes a 
gate protection film and a channel protection film. On the portions where the light must be shielded the BM 34 and the 
^l^'tSf' G /!! d R ^ SUperpOS6d one u P° n the to favorably shield the light. The protrusion 

» I iht 'SST \ 6 &m2VmtheJFT substra,e 1 7 **• »he orientation of liquid crystals making it pos- 

is sible to obtain good viewing angle characteristics and high operation speed 

an n i^o!! 10 "] e 47 i eml f d ' r " ent a s described above, the protrusion 20A which is the domain regulating means 
and the BM 34 are formed on the CF substrate without the need of exposure to light through a pattern, but by patterrtirvg 

tne bm 34, to lower the cost and to increase the yield. 
20 '"^ e< » 7tnemb ^ iment - Pigment scatter method is employed for forming the CF. This can be similarly adapted 
^^i^^*-P "l^Tl^ end to the case where a non-photosensitive resist formed by dispersing a pig^n^rt in^he^joh^- 
im.de is to be formed by etching. According to the 47th embodiment, the CF resins are superpLdTn t^ei layeSon 
the portions of the protrusion 20A and BM 34. These resins, however, may be superposc^n^Tayere wSSZ 
* SSTa ^ irradiati ° n " 9ht ^ ** irradiati ° n ener9y are ^eced at^e time o^suTeTrougt 2 

In the 47th embodiment, the BM and the protrusion which is the domain regulating means are formed on the CF 
substrate wrfrout patterning. However, the fifth embodiment can be also adapteS even toTe" case ^eTete BM oSy 

° Ut f r ,n9 Pr0trUSi ° n - 95 8 maHer ° f rourae - A ^ e"*odiment deals with a casev^ere the BM s 
formed but forming the protrusion by a method different from that of the 47th embodiment 

Figs. 1 83A and 183B are diagrams illustrating a step of producing the CF substrate accordino to the 48th embnrii 
,n lne ^ embod.ment. no CF res.n is superposed on a portion corresponding to the protrusion but the CF resin 

SrSTSrSr ^ZTT* t0lh l BM ° n,y 10 form 3 m Pr0 ^° n *" • Ne * ^ either 
tenma an ITO film 12 is formed as shown in F.g. 183A. and the above-mentioned black positive-type resist 380 is 

appl.ec I thereon mainta.ning a predetermined thickness, for example, about 2.0 urn to 2 5 uHhen frTdZSS! I 

effected by exposure to light from the back surface to obtain a panel having a BM resS 3M slemi^on SI 5 9 

The CF substrate and the TFT substrate are stuck together to prepare a panel shown in Fio 184A Fit, iiur « » 
view Hlustrat-ng. on an en.arged scale. A circular portion of a dotted line of Fig 184A ^in^LtZs^^^ 

and the BM res.st 380. That is. the BM protrusion 381 and the BM resist 380 work as a spacer 

and JSS " 9 I emb0diment as describ * above, there is no need to pattern tte BM simplifying the steps 

£££^££2S; e h ' iminatin9 ^ ne6d °' PrWk,in9 the ^ embodimlnTlTposrtfve tS 

Thl SI „f, ? 6 BM b/ exposure ,0 li9ht throu ^ the teck surta <* without effecting the paMnoHowa!? 

Next described below is a case where the protrusion 341 on which the CF resin is suoeroosed in th« as* om hoH 
imerrt, is directly used as the BM 15 superposea in tne 48th embed- 

is famed. Then, in Fig. 185C a preitrve-tvoereast fs^^iTnZ^^ 2Tw £ ? h ° Ur and> then ' 30 TO ,ilm 12 
taining a thickness of about 1 .0 J ? iZSV^SS^L 1 IST^ISf L P ^ * EaSt C&) ' S "W* - main " 
The protrusion 381 formed by i^SS SteCF^SreB G^R in*™ S ^ ^ ** t* 0 * 1 *"*^ -^od. 
throu B ha.wor te astheB^eCCet^°^^^ 
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spacer 45 to obtain a panel as shown in Fig. 186. 

The 47th to 49th embodiments have dealt with the cases where the BM was termed by superposing the CF resins 
The hqu.d crystal display device of the VA system holding the negative-type liquid crystals, is normally black, and the 

s ZE5Sl to T W>ta96 iS aPpli6d d ° 001 almost P*"* "S* 11 to P 3 ^ through. Therefore, the BM for 
5 shielding hght for the nofvpixel portions may have a light transmission factor which is not acceptable in the case of the 

I^I^^rr 1 . ^ ^ iS U thS 8M ^ have a ,i9ht transmi ssion factor virhich is lowv to some extent. An 50th embod- 
.ment .sto easily produce the CF substrate by giving attention to this point, and uses a CF resin or concretely soeaWna 
uses the resin B as the BM. This does not develop any problem from the standpoint of qua^ < d dX * * 
«. 1 J*J2f if" 1 a,ustratin 9 a «*> for Producing the CF substrate according to the 50th embodiment, and Figs 
10 1 88A and 188B are diagrams illustrating the panel structure according to the 50th embodiment 

Refernng to Fig. 187. the CF resins R. G (CR-7001 . CG-7001 , manufactured by Fuji Hanto Co.) of two colors are 

STTiSlf" SU J Strate 16, ^ the nS9atVe - tyPe Sensitive resin B (CB-7001 manufactured by Fuji into 
Co.) .s applied thereon by using a spin coater or a roll coater and is pre-baked. Then, the glass substrate 1 6 is exposed 
to ultrawo let rays of a wavelength of 365 nm in a dosage of 300 mJ/cm* from the back surface there* SSSSS 
« us.ng an alkali developing solution (CD manufactured by Fuji Hanto Co.). and is post-baked in an oven heatS Sc 
for one hour. Thereafter an ITO nm is formed and. then, a vertical alignment «.m is formed C is ^,e resin B is 
formed on the portions other than the portions where the CF resins R and G are formed The CF resins aTe no^rrn^ 

ngrrbetX e,i9W ^ 

20 TP r R !l errin l t0 1 Fi 2; 188A> the reSi " B 398 is farmed as BM 00 me P°^ ons 01 bus lines 31. 32 and on the portions of 

l^LTZ r ZT? b t Shie ' ded - 188B iS 8 di39ram i,lusfratin 9- on «" Merged «»'e- a ilr Sa 
dotted me of Rg. 188A. As shown, a high numerical aperture can be obtained by selecting the width of the Shield 

25 InThl S Zl f *!! mar9 " 1 ® iS addfld at * e time of *• *»° P ie ces of substrates together 

«ni« ,1 erT * 0diment *" resin B is formed last since the transmission factors of the g-. h- and iS^DhblD- 
tTS^f ength l r6Sin B > r65in R > resin G - ^ toe CF resin having a high exposure se^Si^wSch^y 
be exposed to a small amount of light) and the CF resin which permits photosensitizing^Sength to SmSJJZ 

JgXET* ,ast> the resin 01 a 00)01 formed lasf rem * ns m ° on the - ins ha -* e - SUSSES 

30 i, JZ a Z eTal rt iS f^ 6 9 *" firSt is 0,3 resin Orally B > R > G in the transmission light) which makes 
^h?pX7ert ^ a, * ^men, * " 6XPOSUre *"* and » a '*"™« ma* Sm^to^ 

Fig. 192 is a diagram illustrating the structure of the CF substrate accordino to a 51th emhodimont in 
t-ona, liquid crysta. display device, the BM 34 of me.a. film is formed on the g as^ ^SST5^"iT h ^ 

desc^at^ by r ""'"I 0 " ^ 9,388 SUbStrate 16 ,ite in * he embodiments 

forrO^an^ 

formed by sputtering maintaining a thickness of about 0 1 urn via a mask anri rhmmi.l !7 ! 

■■■■ 

When a colored res,n ha*ng a low reflection factor „ used as the resin 384 or 39B under ^shielding fHm 
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383. the light-shielding portion exhibits a decreased reflection factor, and light falling on the liquid crystal display device 
from the outer side is less reflected. Furthermore, when a colored resin having a small transmission factor is used as 
the resin 384 or 39B under the light-shielding fflm 383. the light-shielding portion exhibits a decreased transmission fac- 
tor, enabling the contrast of the liquid crystal display device to be enhanced. 

5 In the structure of Fig. 1 90B. furthermore, the CF resin 34B is formed requiring no patterning. Therefore, there is 

no need to use an exposure apparatus which is capable of effecting the patterning and is expensive correspondingly 
and the investment for the facilities can be decreased and the cost can be decreased, too. 
. J f *V ' S 3 dia9ram illus trating a modified example of the 51st embodiment. Spacer for controlling the thickness 
of the liquid crystal layer are mixed in advance in the resist that is to be applied onto the light-shielding film. After the 

« reset is patterned, therefore, the spacers 45 are formed on the light-shielding flm that is formed in any shape. This elim- 
inates the step for dispersing the spacers. 

Fig. 192 is a diagram illustrating a CF substrate according to a 52rd embodiment. According to this embodiment a 
chrorraum f am ,s formed on the ITO film 1 2 and a resist is applied thereon. At the time when the light-shielding film 383 

,« 1! ? ST!™!? *J? T^T* 40 ,i9ht lhe P rotrusion ,hat works « a domain regulating means is patterned Simula- 
's neously therewrth. After developing and etching, the resist is not peeled off but is allowed to stay. Thus, an insulating 
protrusion 387 that works as a domain regulating means is formed on the CF substrate 16. By using such a CF sub- 
strate, there is realized a panel of a structure shown in Fig. 193. 

As described in the 47th embodiment. CF films are formed on a CF substrate, the CF substrate is coated with f lat- 
,„ ^ 9 'fUZ f aCryliC reSi " S ° that the surface 01 * e substrate becomes f,t * and an electrode of an ITO film is 
winch the surface flatting step is not performed is called a CF substrate with no top-coat The CF substrate with no top- 
£? I" ^^J 0 ^ b6tWeen reB P«*» CF '"nw. The ITO film is formed with a sputtering process. When the ITO 
him is formed ,s formed on the CF substrate with no top-coat, it occurs a problem that the ITO layer is rigid on fiat sur- 
faces but its coarse at the grooves because the sputtering process has anisotropy. 

5 into iSS^trS 8 " "TZ™ ° f a,i9nment ,ilm iS COated or printed " solvent eluded in the material infiltrates 

S^^^^^ *• ° f Printin9 10 3 PrSCUrin9 process - ^ irtiHra,ed «*« remai "s 
ns.de the CF layers after the procuring process is completed. The solvent remained inside the CF films generates cra- 
ters on the surfaces of the vertical aHgnment film. The craters cause display unevennesses. 0aSS!ZTSli 
embod^ent, g, , n t . s ^ eWing fj|m provjde£| ^ ^ grooves ^ ^ ^ solveTmYs^n emb^dt 

o ment, resin provided at the grooves between respective CF films are used as protrusions 

251 A shows ^CF "ST 3 P o rodUC,i ° n Pr0C8SS * 3 CF Substrate * the 52th embodiment. Fig. 

251 A shows a CF substrate with no top-coat. The CF films 39R. 39G and 39B are formed the lioht-shieldina films 34 

7i bT^" ^""T? CF ,i,ms. and the ITO film is formed the SXESS^f? 

SI Vth C ° atGd - ShOWn in R9 251 C ' me positive resist is "»raviolet "9* *Sn I s£ 

S tl^n rf S ^TT " ,d " iS deV6l ° ped - ^ pr0,rusions 390 are formed * Positions corres^Zo tne 

tion andV^n ^^^^ °J 3 Pr0dUCt emp,0yinQ ,iquid Crystal disp,a V h accordance with the present inven- 
tion, and F,g. 195 is a diagram showing the structure of the product. As shown in Fig. 195, a liquid-crystaT pvwMOO 

anv iJSX SU I aCe JJ 1 " P0-,to 10 ViSW 3 diSP ' ayed ima0e "« «* fr ™ »° S f from 

a JH^T F ' 9 ' l 94 ' 3 diSpl3y SCreen 1 10 01 Ws product is ^"ab'a and the product is therefore usable as either 
^efo^ .ncluded By detecting the state of the switch, switching is carried out to select whether Say i c*ri~ ?o5 

An advantage provided when the liquid crystal disDlav in accordance urith th* . . ^ 
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screen becomes large. It has therefore been impossible to adapt a liquid crystal display to this kind of product. The liq- 
uid crystal display of the present invention permitting a large viewing angle can be adapted to the product 

The aforesaid embodiments provide liquid crystal displays in each of which the orientation of a liquid crystal is 
divided for dividing each domain of the liquid crystal mainly into four regions whose azimuths are mutually different in 
5 increments of 90°. and liquid crystal displays in each of which the orientation of a liquid crystal is divided for dividing 
each domain of the liquid crystal mainly into two regions whose azimuths are mutually different in increments of 90° 
w S P°^'L b ! d ' SCUSSed in relation to applications of the present invention. When the orientation of a liquid crystal 

,S - *?JS 09 d0main 01 the liquid crystal int0 fouf re 9 ions "to* 6 a*™*** are mutually different in incre- 
ments of 90°. a good viewing angle characteristic can be exhibited in almost all directions. To whichever directions the 
io or.entat.on is set. no problem occurs in particular. For example, when the pattern of protrusions shown in Fig 54 is 
arranged as shown in Fig. 196A relative to a screen, a viewing angle at which display appears well is 80° or more both 

11*1 m w Tl d ' r ^ nS - Eve " **" is ^ned andthepattem of protrusions is arranged as illustrated 

on the nght side of Fig. 196A. no problem occurs in particular. 

„ ^ T" Whe " thG ,? nentation of a cr ^ stai is divi ded for dividing each domain thereof into two regions 
»5 whose azimuths are mutually different by 180*. the viewing angle characteristic will be improved relative to the d£ 

TJ^« h!' , 2o t l° rien,ati0 " iS diV f * but wi " not be lm P ra - d verv mucn dative to directions different from the 
1 y 3 T"* equal V,ewins an9,e is requested to be exhibited in both lateral and ver- 

teal directions, a pattern of protrusions should preferably be. as shown in Fig. 196B. run in an oblique direction in a 

screen. 

20 .„ nHT^ rOCeSS * manu ^ t ^ nn 9 a liquid crystal display in accordance with the present invention will be described 
In general, the process of manufacturing a liquid crystal panel comprises, as described in Fig. 197. a step 501 of clean- 

Z S TZn 5a' T **? *T n9 9316 e,eClr0deS - 3 503 * formin 9 ™ ,a ^ r * applying a controls 

*S . ln P 2f Pa S" 9 deV,CeS> 3 * SP 505 °' applyi " 9 a protective ,i,m - a ste P *>* of forZg pixel electrodes 

25 ll ^ZT aSS T 09 COmP ° nentS «** are -"W «* in •* For forming insulating protrusions t5 

85. step 506 of forming pixel elements is succeeded by a step 507 of forming protrusions 

the a^,H e ?rT s S f l 9 ^^ e Pr0trUSi ° n formin9 St6P C ° mpriSeS 3 51 1 rt "PP"^ a resist - a ° f PwbaWng 
riSS?^' P 5 ? eXPOS " 19 3 Panem °' P rotrusions so as to leave the positions of the protrusions intacf 
?„Z Performing development so as to remove portions other than the protrusions, and a step 515 of postW 

CSZr" 90 "? deSCrib6d 31 ,he Subsequen, step of ■W*B an £S thereTitS- 

sibility that the resist may read upon the alignment film. At the post-baking step 515. baking should therefore be esnM 

Even when dents are formed as a domain regulating means, nearly the same process as the foreooina one is 
pixel electrode fornwig step 506 in Fig, 1 97. The protrusion forming step 507 becomes unwZ£ 
n-JUJ -!T£ SC L 9 198 iS 8n 6Xample 0< drawin9 a P 3 " 6 " 1 01 P^ons using a photosensitive resist The 

Z£ ml' 2 US ' 0nS ^ 156 Print6d Fi9 1 " iS 3 diasram showin 9 a techni 1 ue <« hawing a pattern SpSSSJS 

!^^37n^2 p, ^• ^ shown in ns - m a panem ° f protrusions is «*™ « "nCssis 

reS,a ^ re " ef P ' a,e iS in ,um ,bted t0 106 surface <* a lar °e roller 603 referred to as a c ate ^yfrrt? 

602 ?S2Sr ' S ^ Wh " e in,erl&Cked With 30 r0 " er ^ a doctor ro,la ' «* J2 a prfnting" SaTe 
602. A polyimide resm solut.on used to form protrusions is dropped onto the anilox roller 605 by a disoenser S^SS 
spread by the doctor roller 606 to be developed uniformly over the anilox roller MS ^^12^ w 
transferred to the relief plate 604. The ^^n^^ 

substrate 609 on the printing stage 602. Thereafter, baking or the like iVcarried out vEoESi^ I 

ESSXZE? b6en ""^ ^ ^ " 3 ^ " P^rcin^drZ u in^of 

tne techniques, the pattern of protrusions can be drawn at low cost 

Fig. 200 is a diagram shewing the configuration of a liquid-crystal injection anoarahic Th* h^ii^ ~* «u 
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In the first embodiment, as shown in Figs. 18A and 18B. the protrusions 20 are linear and running in a direction 
parallel to the long side of the panel 100. The liquid crystal injection port 1 02 is formed on a short side of the panel ver- 
tical to the protrusions 20. while the exhaust ports 103 are formed on the other short side thereof opposite to the side 
on which the injection port 1 02 is formed. Likewise, as shown in Figs. 201 A and 201 B. when the protrusions 20 are lin- 

5 ear and running in a direction parallel to the short side of the panel 100, preferably, the liquid-crystal injection port 1 02 
•s formed on one long side of the panel vertical to the protrusions 20. and the exhaust ports 103 are formed on the other 
long side thereof opposite to the long side on which the injection port 102 is formed. Moreover, as shown in Figs 202A 
and 202B. when the protrusions 20 are zigzagged, the liquid-crystal injection port 102 is preferably formed on a side of 
the panel vertical to a direction in which the protrusions 20 are extending. As shown in Figs. 203A and 203A the 

to exhaust ports 103 are preferably formed on a side of the panel opposite to the side on which the injection port 102 is 
formed. 

During injection of a liquid crystal, foams may be mixed in the liquid crystal. Once foams are mixed in a liquid crys- 
tal, imperfect display ensues. Assuming that a negative liquid crystal and a vertical alignment film are employed when 
no voltage is applied, black display appears. Even if foams are mixed in the liquid crystal, black display appears in areas 
is coincident with the foams. The mixing of foams cannot therefore be discovered in this state. A voltage is applied to elec- 
trodes so that white display will appear. When black display does not appear in any area, it is confirmed that no foam 
has m.xed in the liquid crystal. However, since there is no electrode near the liquid-crystal injection port, even if foams 
are mixed ma portion of the liquid crystal near the liquid-crystal injection port, the foams cannot be discovered If foams 
are present in th.s portion of the liquid crystal, there is a fear that the foams will be dispersed to deteriorate display qual- 
20 ,ty. Even the foams near the injection port must therefore be discovered. In a liquid crystal display of the present inven- 
tion, therefore, as shown in Fig. 207. an electrode 120 is formed near an injection port 101 outside a display area 121 
and the black matrices 34 so that mixing of foams in this portion of a liquid crystal can be detected 

As explained above, the VA system liquid crystal display device using the domain regulating means such as the 
protrusion and the recess the slit, etc, does not require the rubbing treatment. Therefore, contamination in the manu- 
facturing process can be drastically reduced, and a part of the washing process can be omitted. However, the negative 
type (n type) liquid crystal used has lower contamination resistance to organic materials, particularly to polyurethane 
resin and the skin, than the positive type liquid crystal that is ordinarily used, and involves the problemThat display 
defect occurs. This display defect presumably results from the drop, of the specific resistance of the contaminated liquid 

^V^^^SS^^ r T m3de 85 10 whtah of the Po'y""*™* resin and the skin causes this display 
ZttZ^l^^l^T^ ^ ^ AftSrttie vertica ' ^mentfilm is formed orTthe" 
*p^1« ^ J Z polyurethane resins having a size of about 10 „m are put on one of the substrates. 
£HS ♦ 1 1 ° n ° ne ° f thS substrates and *• seal material 101 . on the other, the substrates are 

bonded to each other and the panel is manufactured by charging the liquid crystal. As a result, it is found out'hZ me 

a^^ 

Fig. 206 shows the result of the investigation of the contamination area of the liquid crystal by chanoino the size of 
the polyurethane resin 700. Assuming that no problem occurs when the display has a size of no gTJaU ttan 0 3 mm 
square on the panet the size of the polyurethane resin must be not greaterlhan 5 ^m. This ^STue^'LZ 
As described above, the polyurethane resin and the skin tower the specific restetance of the liqutf crylte. hereby 

orcTor de,e f Therefore - felati0nShip b6tWeen *» mbdn 9 - POhyur^nrSarSte 

drop of the specific resistance is examined. Fig. 207 shows the calculation result of frequency dependence Z an eauK, 
alent crcurt of the Iquid crystal pixel shown in Fig. 208 by assuming the gate-on state 
the effective vdtage to mefrequency when the resistan^^ 
alent circuit of the liqukf crystal pixe.. It can be appreciated from the graph that the drop of 2. resistance vaTueSZ 
S T dr ° P ° f effeCtive V ° naSe " <*" be that^norrnafS o££ * £e 

££££F r6SIStenCe * ^ ' eaSt 3 ^ ^ *• ,r6qUenCy ran9S °» ^o 60 Hz that is the 

is 9 1 T 1 o° 8 g"? fi^JSS? II^^TT r e the cha T once s,ored is discharsed when *• "* ista ™ 

rtlL £ 'T • res P ect,ve, K b V assuming the state where the liquid crystal pixel holds the 

Si hac f r C6 ' an r rnP, ° 01 the ^ ° nly the afi S nment film * shown, *X££Z tmlZZ 
mentf.lm has a large resistance and a large time constant it hardly contributes to discharge phenomenon Fta S» 

resistance is lower by at least two digits, a black smear starts occurring at 60 Hz ^ 
h Jl? n J? e u " dersto J od from the observation described above that the problem develops when the resistance draos 
by two to three digits due to the polyurethane resin and the skin resistance drops 

Next, after phenyl urethane is charged into the liquid crystal, a ultrasonic wave is applied for 10 seconds and the 
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liquid crystal is thereafter left standing so as to measure the specific resistance of the supernatant It is found out from 

r,f/^ Uft ^ the spedf,c resistance drops drasticaDy when the mixing quantity of the polyurethane resin is about 
1/1000 in terms of a molar ratio 

H is concluded from the explanation described above that non-uniform display does not occur at the level at which 
s the mixing quantity of the polyurethane and the skin is not greater than 1/1000 in terms of the molar ratio 

The embodiments of panels according to the present invention in which directions of alignment of liquid crystalline 
molecules are divided by the domain regulating means have been described so far. As already described it is known 
that optical retardation film are available for improving the view angle performance. Next, embodiments regarding char- 
acteristics and arrangements of the retardation films will be described. The LCD panels of these embodiments have 
io Protrus'ons shown in Fig. 54. Namely, in the VA LCD panel, the directions of alignment of liquid crystalline molecules 
are divided into four areas in each pixel. 

• F lL 21 l i6 3 dia9fam Showing a ow***™ of a prior art VA LCD. A space formed between two electroded 12 13 
•s sealed with a liquid crystal material. Thus a liquid crystal panel is completed. As shown in Fig. 210. a first polarizing 
plate 1 1 and asecond polarizing plate 15 are arranged at both sides of the panel. In the VA LCD. vertical alignment 
is films are formed on the electrodes and the liquid crystal has negative dielectric constant anisotoropy. The rubbing direc- 
!!! JJl . VertlCal ali9nment ,ilms are differerrt ea <* other by 180 degrees. Further, the rubbing directions inter- 
sects wrth the absorption axis of the polarizing plates. Namely, the VA LVD panel is that shown in Figs. 7A to 7C Fig 
21 1 1 shows .socontrast curves. Fig. 212 shows viewing angle regions, in each of which gray-scale reversal occursduring 

on Tf™7 7 ?!? dMV,n9 ° Perati0n in SUCh 3 Mse From 1hese results . "^asts at directions of 0°. 90- 180° 
20 and 270° are low and the gray-scale reversal occurs in wide view-angle 

^Rg. 213 shows a constitution of a VA mode LCD device in which protrusion patterns as illustrated in Fig. 54 are 

Fig 214 shows iso-contrast curves in the case of the LCD device shown in Fig. 213. Further. Fig. 215 shows view- 
« 2LI 2 = ST" h > ?L , Ch 9ray - scale reversal dun "9 an eight-grayscale-level driving operation, in the 
2£ 2 " ^ ^ d6ViCe Th6Se ,i9Ur6S reveal * at attfrou 9 h •» gray-scale reversaMsIiproved in Z 

ment on the gray-scale reversal is insufficient and that the contrast is not improved very much 

Applicant of the present application disclosed in Japanese Patent Application No. 8-41926/1 996 and Japanese Pu- 
ff 8 4,sr 9 ^ 

mil? 1 6 "IT." 9 an9 ' 6 charac,eris « cs <* « crystal display device of the VA type, on which the align 

Z£^5 P " rf T Bd b/ o bbi " 9 - 3re imprWed by providinfl an **" <"ame.y, a phase dl4eSe 

2 ZTZ i aPaneSe Patenl A PP ,ications - ho " 6v *. ^ not refer to the cases of performing the alignment dT 
s.on by protrusions, depressions (or dents) or slits respectively provided in pixel electrodes 

35 m ♦ hi" *^ to " ow '"9- conditions <or further improving the viewing angle characteristics of a liquid crystal display device 
35 of the VA type, which ,s adapted to perform the alignment division in each pixel through the use of profru^ons deoTe? 

aons or slits provided in the pixel e.ectrodes. by providing an optica, retardation fi.m fherein^l SSSS? 

f "? ^TT*. retardat,on film ^ in the device of the present invention will be described hereinbelow bv refer 

nng to Rg. 216. As .llustrated in Fig. 216. let n x and n y designate dielectric constantes (or iMc<*U™™^£% 

n£EZ f ^ ♦* The following relation among the dielectric constantes n x . n y and n 2 holds in the phase difference 
film to be used in the device of the present invention: n„ rv > n 2 . omerence 
Incidentally, an optical retardation film, in which the following relation holds: 



45 



so 
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has optically positive uniaxiality therein. Hereunder, such a phase difference film will be referred to simolv as a oositive 
to^Tlfnh'*' axtending in a direction corresponding to a larger one of the dielectric constantes n!jand n^is referred 

has optically negative uniaxiality in the direction of a norma, to the surface thereof. Hereunder, such a phase difference 
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film will be referred to simply as a negative uniaxial film. Let d designate the thickness of the film. When light passes 
through this negative uniaxial film, the following phase difference R is caused in the direction of the thickness thereof: 
- « n x + n y )/2 - n,)d . Hereinafter, the "phase difference caused by the negative uniaxial film" indicates a phase dif- 
ference caused in the direction of the thickness thereof. 

; Furthermore, a phase difference film, in which the following relation holds: n x > riy > n 2 , has (optical) biaxiaJity Here- 

under, such a phase difference film will be referred to simply as abiaxial film. In this case, n, > ru Therefore the axis 
extending in the x-direction is referred to as the phase lag axis. Let d designate the thickness of the film. When light 
passes through this positive uniaxial film, the following phase difference R is caused in an inplane direction- 
R = (n x - n y )d (incidentally, n x > n y ). Further, the phase difference R caused in the direction of the thickness thereof is 

o predetermined by the following equation: 

R = ((n x + n y )/2-n 2 )d. 

Fig. 217 is a diagram showing the constitution of a liquid crystal display device which is a 52th embodiment of the 
» present invention. 

Color filter and a common electrode (namely, what is called a full-surface covering electrode) are formed on the lia- 
uid-aystal-s.de surface of CF (Color Filter) substrate that is one of substrates 91 and 92. Further TFT elements bus 
sfratesSland si 6 *" 168 ™ ,iquid - crysta, - side surface * ^ substrate that is the other of the sub- 

Vertical alignment film is formed on the liquid-crystal-side surfaces of the substrates 91 and 92 by applying a verti- 
cal alignment material thereto through transfer printing, and by then burn the material at 180«C. Subsequently a posi- 
tive photosensitive overcoating (or protecting) material is applied onto the vertical alignment film through spin coating 
Thea a protrusion pattern shown in Fig. 54 is formed by performing prebaking. exposure and postbaking 
. ™* SU *r? tes 91 and 92 are to 9 etner thr °"9h a spacer having a diameter of 3.5 ^ Further a space 

CTyslatpaneHs^Seted 316 ' 1 * anisotr °Py- ™« » 

it c^JuZT ? R9 2 !l me CTyStal diSP ' ay d9vice - is *" ^ •"*«*•"•'« of the present invention, 
^conswuted by placing a fret potanzmg plate 1 1 . a first positive uniaxial film 94, two substrates 91 and 92. a second 
pos,trve uniaxial film 94 and a second polarizing plate 1 5 therein in this order. Incidentally, the first and second uniaS 

ST^r ^ " th ,? thep ; aSe 139 3X15 ° f the ,irSt uniaxial *" 94 intersects with the absoX aTo 

the first polarizing plate 1 1 at right angles. K 

^onrtLT^'r 8 / 50 : 00 * 35 ! 01 ' 0 ' 65 in *" 0356 each of *" phase Terences Ro and R, respectively corre- 
spond^ to the first and second positive uniaxial films 61 of the 52th embodiment is set at 1 10 nm. Further Fig 219 
shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale-level drivino coer- 

SniTaiSS * " ^TIT *" C ° mPariSOn F * S 214 3nd 215 ' a rang? in^l^ STnlS" 

mth he : eSM ,hat ^ 9ray - SCa ' e rever8al does 001 «»» in *• S-no angle 
region. Consequently, the viewing angle characteristics are considerably improved 

incidentally the viewing angle characteristics were studied by changing the retardation R„ and R, in various ways 

^ °. 11 a " 3n9le 3t ** contrast (rati0 > was 1 °. *«* in each of an upper right 
direchon (corresponding to an azimuth angle of 45- towards the right top), an upper left direction (corresooSa to an 

ZS^JT^X!* ,0P)l 3 direCti ° n ^-PO^S 'o an -bSTiS^SSiS 

toTt TT r ' 9 d,feCt,0n (corres P° ndin 9 to an azimuth angle of 315- towards the right bottomTS 
respect to the liqud crystal panel, as viewed in this figure. Fig. 220 is a contour graph showing each contoTS™ 
nects pants, each of which is represented by coordinates R 0 and R , thereof and SLpoSTS theTo^nole 
a same vaKie Incidentally, the contour graphs respectively corresponding to the uppeTrigW Idn^tES^ 
direction, the lower left direction and the lower right direction were the same with one another « is coSdl^t it 

conditions or requirements: • 0 and Rl meet the fo,l °wng 

R, s450nm-R 0 .R 0 -250nmsR 1 s R„ + 250 rim. 0*R 0 andO^R 
Additionally, the retardation An -d caused in a liquid crysta. was changed within a piratical range. Moreover, the 
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twist angle was changed within a range of 0 to 90°. Similarly, the optimum conditions for Rq and R, were obtained. As 
a result, it was ascertained that the optimum conditions were the same as the aforementioned requirements even in 
such cases. 

Fig. 221 is a diagram showing the constitution of a liquid crystal display device which is a 53rd embodiment of the 
5 present invention. This embodiment is different from the 52nd embodiment in that two positive uniaxial films, namely, 
first and second positive uniaxial fUms 94 are placed between the first polarizing plate 11 and the liquid crystal panel 
that the phase lag axes of the two positive uniaxial films 94 intersect with each other at right angles and that the phase 
lag axis of the second positive uniaxial film adjoining the first polarizing plate 1 1 intersects with the absorption axis of 
the first polarizing plate 1 1 at right angles. 
10 Fig. 222 shows iso-contrast curves in the case that the phase differences Rq and R, respectively corresponding to 
the first and second positive uniaxial films 61 of the 52nd embodiment are set at 1 10 nm and 270 nm, respectively Fur- 
ther, Fig. 223 shows viewing angle regions, in each of which gray-scale inversion occurs during an eight-gray-scale- 
level driving operation in such a case. As is obvious from the corrparison with Figs. 214 and 215, a range in which high 
contrast is obtained, is enlarged extensively. Moreover, the range, in which the gray-scale reversal occurs is greatly 
is reduced. Consequently, the viewing angle characteristics are considerably improved. 

Fig. 224 shows the viewing angle characteristics obtained as a result of being studied by changing the phase dif- 
ferences Rq and R t of the first and second uniaxial films 94 in various ways in the case of the constitution of Fig 221 
similarly as in the case of the 52th embodiment. The viewing angle characteristics shown in Fig. 224 are the same as 
of Fig. 220 and are illustrated by a contour graph showing angles, at which the contrast ratio is 1 0, in terms of coordi- 
20 nates Ro and R, As is seen therefrom, the angle, at which the contrast ratio is 10, is not less than 39° when Ro and R, 
meet the following conditions or requirements: 
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2R 0 -i70nm<R 1 £2R 0 +280nm, 
Rt <-R 0 /2 + 800nm, OsRoandOsR, 
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Further, rt was ascertained that the optimum conditions were the same as the aforementioned requirements even 

Th ^ S6 L ' Simi 'f ' y ' in 1he 0356 ° f the 53th emtodim ** ^e retardation An • d caused in a liquid crystal was 
changed wrth.n a practical range and where, moreover, the twist angle was changed within a range of 0 to 90° 

Fig 225 is a diagram showing the constitution of a liquid crystal display device which is a 54th embodiment of the 
present invention. 

This embodiment is different from the 52th embodiment in that the first negative uniaxial film 95 is placed between 
the .quid crys d pan* and the first polarizing plate 1 1 and that the second negative uniaxal film 95 is placed betwe^ 
the liquid crystal panel and the second polarizing plate 15. ^ 

ferpnrL o 26 a !?r ,h6 Vi6Win9 characteris * ics as a result of being studied by changing the phase dif- 

IT™? 1 

Z£ ^1 9 ? " 9 6 1 u 3 ^ 5 "" 5 Sh0Wn in Rg ' 226 are *• 38 * R 9- 220 «* ™ "Pirated by a contour 
!3J fJ 19 6S - 3t Wh ' Ch COntrast rati0 is 10 - in terms rt coordinates R 0 and R t . As is seen therefrom S,e 

angle, at which the contrast ratio is 10, is not less than 39" when R 0 and R 1 meet the following condition or requirement^ 

R o + R 1 ^ 500 nm. 

Incidentally, similarly, in the case of the 54th embodiment, the retardation An • d caused in a liquid crystal and the 

!E£1 ^JPTJ 0 ^ were **" * changin9 the retardation - d wrthin a 

illustrate reeutte of this study. Let R LC denote An . d caused in the liquid crystal. Consequently. fee optimum valued the 

r^sis£ ssr - phase ~* * - *s- ~ r : 2 

™,fjl? her ' alth0 , U9 , h this J characteristic condition elates to the contrast (ratio), the optimum condition for the gray-scale 

~ *« J» I , An9,eS ' " wWCh 9ray - SCale revereal were fo " nd ^ changing me phase dS 

ences R 0 and R, ,n the direction of the thickness of the first and second negative uniaxial films 95 iLarious^nnZ; 

ttwtaind angles, which ,s illustrated by using the coordinates R<, and R,. Incidentally, the angle, at which thegr^sSte 
,h " CaSe " ,UStrated in F, 9 215 ' 15 520 Thu * when the phase differences Rq arri rT hav^e value^a^ 
^?hT m ena ".' n 9 an occurrence of the gray-scale reversal is not less than 52- in the case Rg 7£ 
the phase drfference film has an effect on the gray-scale reversal. In the case shown in Rg tttol^mZS^Z 
contrast rafco ,s 1 0. is not less than 39- when R 0 and R, meet the blowing ^"0^^ * 



R 0 + R i £ 345 nm. 
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Then, in the case of the 54th embodiment the relation between An • d caused in a liquid crystal (display) cell and 
the upper limit to the optimum condition was studied by changing the retardation An • d within a practical range Fig 229 
illustrate results of this study. This reveals that the upper limit to the optimal condition is nearly constant independent of 
An -d caused in the liquid crystal cell and that the optimum condition for a sum of the phase differences respectively 
5 corresponding to the phase difference films is not more than 350 nm. 

It is desirable that the angle, at which the contrast ratio is not less than 50°. Further, in view of the gray-scale 
reversal and An • d caused in the liquid crystal cell, it is preferable that a sum of the phase differences respectively cor- 
responding to the phase difference films is not less than 30 nm but is not more than 270 nm. 

Moreover, as a result of studying the optimal condition by changing the twist angle in a range of 0 to 90° it is found 
10 that the optimum condition. was the same as the aforementioned requirement. 

A 55th embodiment of the present invention is obtained by removing one of the first and second negative uniaxial 
films 95 from the constitution of the liquid crystal display device of Fig. 225. which is the third embodiment of the present 
invention. 

,« • Fi9 .' < f ° ^ ov f' so - contrast curves in the case that the phase difference corresponding to one of the negative 
15 un-axia. films 95 of the 55th embodiment is set at 200 nm. Further. Fig. 231 showsXng angle regions, in S o* 
which gray-scale inversion occurs during an eight-gray-scale-level driving operation in such a case. As is obvious from 

ml ZZ a TlT,l T' 93 ' a ," d 215 ' 3 range ' in WhiCh hi9h C0mrast is obtained - is enlar 9 ed extensively. Moreover. 
arl SIT reV6,Sal 0CCWS ' iS 9reafly reduCed - C"WW% the viewing angle characteristics 

pn f/ e n c ° n « derab| y proved. Moreover, the optimal condition for realizing the contrast ratio of 10 and the optimal condi- 

n a . n 6 9 K ray " S °l e T* 3 ' W6re StUdi6d - Results 01 this stud y r<veal * j s sufficient to use a single negative 
ofTe 54r e mSme e nt » ■ «™ of the phase differences of the negative VLSSi 

„ Ea l!l ° f t0 ^ embodiments of to present invention uses the combination of positive and negative uniaxial 
25 strtutions of the fifth to seventh embodiments have (advantageous) effects 

present i^on dia9ram *" C ° nStitUti0n 01 3 ,iquid dis P ,av device * a 56th embodiment of the 

hpJUn Si 6f ? ^ZT diff ? rS !T 52th embodiment in that * negative uniaxial film 95 is used and placed 
between the liquid crystal panel and the first polarizing plate 1 1 instead <>f the first positive uniaxial film 94 

th. rCl . l S °' < !? ntraSt CUrV6S the 0386 mat the phase ^rence Ro in an inplane direction in the surface of 

m^r^^Er*" Phase difference R, in the direction of thickness of The negative uniaxial fHrnSJe 
Son LSr^ 56th embod,merrt. Further. F,g. 234 shows viewing angle regions, in each of which gray-scale inver- 
ts mTnd 215 a^TwH 3 ^ kT ' drMnQ ° Perati0n " ^ 3 0336 * fe from *• cornparison wSn 
th™ , ' T 9 • h ' 9h oonlra81 15 ODt3ined ' is enlar 9«l extensively. Moreover, the range in which 
the grayscale reversal occurs, is greatly reduced. Consequently, the viewing angle characteristics ari TSSSSSl 

!? I* tHe 56th embodimen t * h e optimal condition tor the contrast was studied Fig 235 shows results of 

?r 2 36 s a ri h l ,he Mn indiC3,ed * Fi ° 235 - s ** - illustrated in 

nrpJS J d«gramshow.ng the consttution of a liquid crystal display device which is a 57th embodiment of the 

£Z IT 1 h S embod,ment is dWerert from ^e 52th embodiment in that a positive uniaxial fi.msV ^e pSce^ 
between the liquid crystal panel and the first polarizing plate 1 1 and that a neoativeuniaxial film IT J 

!he SIT UniaX l ,i,m ? ^ ,hefirSt P0 ' ariZin9 P'-t' 11 positive LniaSmrm ^ ,^cS ilfsucS ^0^^ 
the phase lag ax* thereof intersects with the absorption axis of the first polarizing plate 11 at right aS 

« the pcStive unS SS^ST US"" "? ^ in <> l3ne e surface of 

Tet at » ^ aTlSQ 1 ^ ™ ^ 06 " 1 * B dir6Cti0n ° f * lickness of the ne 9 ative *" 62 are 

sei at so nm and 150 nm in the 57th embodiment, respectively. Further. Fiq 238 shows viewina anni* ron inn. ;„ J! 

of which gray-sca.e inversion occurs during an eight-gray-scate-^e. driJfng oteS 7£> ?£.TX£Z! 

nf i^Th" t H < 5!f e "'"I 6 5?th emb0dimen1 ' 106 °P 1imal condition for the contrast was studied Fig 239 shows results 
F o 240' r6Veal T ^ 9mum fl0nd,Hon indiC3,ed by Fi9 - 239 — ^ same as mu2ted!n 

tr«t^er^ S e .a^a»smereof intersects with the absorption axis of the first polarizing plate 11 atrigW andes 

F,g. 241 shows iso-contrast curves in the case that the phase difference R, in an ^lane d.Sr Surface of 
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TjfS^ 6 Unia Z a ' **" 94 and ^ ***** difference R o « direction of thickness of the negative uniaxial film 95 are 
11 ™ h ' ^ *" bodiment Further - R 8 242 shows viewing angle regions, in each of which gray-scale inver- 
^l^T! a " «9 W -9 ra y- sca)e - | *' el *iving operation in such a case. As is obvious from the comparison with 
S™ J? 3 ra " 9e ' W9h C ° ntraSl is ° b1ained ' is en " w " ad extensively. Moreover, the range, in which 
5 JnprS ' ° CCUre ' " 9reatly redUC6d Conset ' uent, y- *• dewing angle characteristics are considerably 

< J™? 1" ^t^ 6 0< ,hB 581,1 ernbodiment. the optimal condition for the contrast was studied. Fig 243 shows results 
of this study. wh,oh reveal that the optimum condition indicated by Fig. 243 was the same JL^Mi^S^ 

io presem iSe^on ^ 8hOWi " 9 *" C ° nStitU,i0n « a liquid CT ^ ai dis P ,av de ^e "»**» is an 59th embodiment of the 

con JTlT^r '^TJl* 0 ™ ^ emb ° diment in a P hase differe "ce film 96. whose inplane dielectric 
constantes n x and n, and dielectnc constant n, in the direction of thickness thereof have the following relation- n 
n 2 . • placed between the liquid crystal pane, and the first poking plate 1 1 and that a 

removed from between the liquid crystal pane, and the second polarizing plate 15. The pEase difLence f lm 96 s 
ptaced ,n such a manner that the x-axis thereof intersect with the absorption axis of the first^.arizing p"te 1 1 at^gm 

Fig. 245 shows iso-contrast curves in the case that the x-axis is employed as the phase lao axis of the nha^ 
ference f,.m 96. namely. n x > n y and that the phase difference in an inpiane direction J 'toJ^TcflteXirt £ 
Phase drtferenc* in the direction of thickness thereof are set at 55 nr? and i* ?nn ^^respecTvefy ^n?^JE£ 

9 ' T"- VieWin9 an9,e re9i0nS ' in each * which W*** Version oc£*2"g!™gZZ 
scale-level dnvmg operation m such a case. As is obvious from the comparison with Figs. 214 a* 215 Tfanae £i 
wh.ch h l9 h contrast ,s obtained, is enlarged extensively. Moreover, the range, in which the gray-sc7e reverb oTurT 
« greatly reduced. Consequently, the viewing angle characteristics are considerably ?mpnLS ^ 

Incidentally, quantities and R yz are defined as follows: R = (n - n Id • and R - #n „ »h 
the 59th embodiment, the opt7ma. condition for the contrast (ratio 'J s^^ 

wasT^^ 

was tne same as he aforementioned cond.t.on (of Fig. 220). except that Ro and R, correspond to R and R resoac 

R« - 250 nm < R y2 < R x2 + 150 nm, 
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H Y2 ^-R« + 1000 nm, 



0<R y2 andO<R X2 . 



40 



R 0 = (n x - n y )d - R« " R yz - (in the case that n x ;> n y ), 
R 0 = (" y - n ,)d = R yz - R X1 (in the case that n z n x ), 



4s and 
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Ryz = ((n x + n y )/2 - n 2 )d = (R„ - R^j/2. 
Therefore, the optimal conditions for R„ and R y2 are wrrtten as follows. 

R 0 s250nm. R^SOOnm. 
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toon An -d caused in a Squid crystal cell. In contrast, the phase difference in the direction of thickness depends on the 
reterdafton An • d caused in a liquid crystal ceil: Fig. 248 shows the results of the study on the relation between the retar- 

2S!3 ^f^*" «S fT 8 *' Ce " and the iinA t0 * e i**™* ran 9 e " «» phase difference in the direc- 
tion of tjuckness of the film. Let R LC denote An -d caused in the liquid crystal. Consequently, it is concluded that the 

we^^n^^^ 0 " J thC 0356 * 8 wrti 9 uration - in •«* a plurality of phase difference films 96 
r*, o e ^ ,^ , SpaC6S formed *»e liquid crystal panel and one of the first polarizing plate 1 1 

Sfr iTS? f 0 T" 9 ^ 15> ^ W6re Provided at °" e 0f 01 **" 01 1,16 «** panel, and rXeen 
^™ n ^ Pa ". e J "? ° thef ,h6reof ^ studied ^ a result, it was found matthe^timum ^n 

Z^T^^ P *ZT r ? " in ,he inpl3ne direCfi0n * "* 01 fte P tese was n^Ze 

n^ZT^ 

was fauTd e L^ r ^i 0f ***** the 0ptimal condition simHart > r ** chm 0 i "S the twist angle in a range of 0 to 90- it 
was found that the optomum condition was the same as Ihe aforementioned requirement »w,n 
A positive uniaxial film 
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a negative uniaxial film 

(n, = n y ) nj 

anda biaxial film (n x > n y > nj are employed as the film 96. Namely, a single or a combination of such films may be 

„J n ' h ( e ; ore 90 in 9 description, there has been described the optimal conditions for the phase difference film in the 
STXiTl 1ST* S ' 0n 15 Perf ° rmed in a by providi "9 rws 01 Protrusions on the fiuwIJSS of^ach of 

Further, m the present specification, the polarizing plates have been described as ideal ones Therefore it is ohvi 
Namely the provision of the phase difference film may be omitted apparently by makina TAC film m««t ^ 

cleanmg step which are required for manufacturing the existing TN LOT a^ S 2d btZf P after - rU * ,nfl 
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Claims 



2. 



3. 



A liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment 
and a liquid crystal having a negative dielectric constant anisotropy and being sandwiched between said first and 
second substrates; orientations of said liquid crystal being vertical to said first and second substrates when no volt- 
age bang applied, being almost horizontal to said first and second substrates when a predetermined voltage being 
applied and being oblique to said first and second substrates when an intermediate voltage lower than the prede- 
termined voltage being applied, 

said first substrate comprising first domain regulating means for regulating azimuths of the oblique orientations 
of said liquid crystal; 

said first domain regulating means comprising a first structure for partially changing a contact surface between 
said first substrate and said liquid crystal to inclined surfaces; 

wherein the liquid crystal in the proximity of said indined surfaces being vertically oriented to said 
inclined surfaces when no voltage being applied, and azimuths of said liquid crystal far from said inclined sur- 
face being determmed according to the azimuths of said liquid crystal in the proximity of said inclined surface 
when said intermediate voltage being applied. 

ityeTof Sd^SSSST 08 aCCOfdin9 1£> daim 1 • Wherein said first struclure inc,udes Protrusions projected to a 

H^ZtT^il 6 T°Z aCGOrdin9 10 daim 2 - Wherein Protrusions are made of dielectric materials on a 
tirst electrode of said first substrate. 

4. A ''Quid crystal display device according to daim 2, wherein pixel electrodes are formed on said second substrate 
each of sad protrusions extends straightly. and said protrusions are arranged in parallel to one another with a pre- 
determined pitch among them. K 

5 ' iS'SST? d !?!i ?** a< L COfdin9 10 C,aim 4 ' Wh6rain said P'^rmined pitch is equal to an arrangement 
ti^ l!^? electrodes said protrusions extend in parallel to edges of said pixel electrodes and pass on posi- 
tions facing to centers of said pixel electrodes. 

6. A liquid crystal display device according to daim 2. wherein pixel eledrodes are formed on said second substrate 
*Z£*^ POin, "' ike ,i9UreS ^ pr0trus,ons are «"W at Positions facing to centers of said pixel 

7 - ^KSST' to daim 1 - wherein ,irst ^ inc,udes depressions depressed 

8 ' oi Sf2tbS| ay 2ST ' 10 5?" ?> Wh6rein S3id are provided under afirst electrode 

demons 51 6leCtr0de Parta " y haS inC,in6d Suriaces corresponding to said 

9 * ££2? C ' ySt i diSplay d6ViCe accordina to claim 7 - therein a first electrode of said first substrate includes slits 
operating as domain regulating means, said depressions and said slits are mutually arranged 

10. A liquid crystal display device according to claim 1 . wherein said first structure includes protrusions projected to a 
layer of sa.d liquid crystal and depressions depressed from said layer of said liquid crystal 

ar^^^^^ — -*P—» - ^ons are mu*a„y 

13 ' u2f rZS'^ , d f 06 aCCOrdi " 9 * ^ 1 ' ^ oozing second domain reg- 

ulating means for regulating azimuths of the oblique orientations of said liquid crystal; 
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14. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure tor partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include protrusions projected to a layer of said liquid crystal. 

15. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure tor partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures include depressions depressed from a layer of said liauid 
crystal. 
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A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, one of said first and second structures includes protrusions projected to a layer of said liquid 
crystal, and the other includes depressions depressed from a layer of said liquid crystal. 

17. A liquid crystaldisplay device accordingto claim 13. wherein said second domain regulating means is slits provided 
on a second electrode of said second substrate, and said first structure includes protrusions projected to a layer of 
said liquid crystal. 

18. A liquid crystaldisplaydevice according to claim 13. wherein said second domain regulating means is slits provided 
on a second electrode of said second substrate, and said first structure includes depressions depressed from a 
layer of said liquid crystal. ~ uma 

19. A liquid crystal display device according to claim 13. wherein said second domain regulating means comprises a 
second structure for partially changing a contact surface between said second substrate and said liquid crystal to 
inclined surfaces, and said first and second structures respectively indude a pair of protrusions and depressions 
depressed from a layer of said liquid crystal. e«*u"s» 

A liquid crystal display device according to claim 19. wherein said protrusions and depressions on each substrate 
are mutuajy arranged in parallel with pitches of one and three, said protrusions and depressions of said first and 
second substrates are arranged in parallel to each other and are arranged so that said protrusions and depressions 
neighbor 6 COrreSpondins to larfle pitch - ■* Prions and depressions of different substrates respectively 

tn^^l di S aV ?** a , CC ° rdin9 10 daim 13> Wherein Mid first structure indudes depressions depressed 
Z m iTrn^ 3 6,eCtr0de ° f <irSt Substra,e inc,udes s,te - -W second domain regulat- 

ing means comprises a second structure including depressions depressed from a layer of said liquid crystal and 

slits provided on a second electrode of said second substrate. 

22 ' IS? Crystel f' splay d r, Ce aCCOrdin9 to c,aim 21 " «« depressions and slits on each substrate are 

2X1 1-™* - Para,,e ,7 th rt one and -* depressions and slits of said first and second sS 
stratesare .arranged .n parallel to each other and are arranged so that said depressions and slits face Jdtsre« 
correspondmg to large pitch, and protrusions and depressions of different substrates respectively nelgSr 

4s ^"5 ^Jf diSPlay deViCB acoordin 9 10 c,aim 13 - herein said second domain regulating means comprises a 

su^tf^rr^ °lT ^ SUbS,rate for Chan *"9 a contact ^rfaceoZen 27seZrt 

substrate and said hquid crystal to inclined surfaces 

24. A liquid crystal display device according to claim 23. wherein saidfirst and second structures are made of dilerectric 
materials on electrodes of said first and second substrates. a«erectric 

25. A liquid crystal display device according to claim 23. wherein said first and second structures are made of conduc- 
ive matenals on electrodes of said first and second substrates. 

26 " iilSSSSL^ aCC °"* n9 ,0 C ' aim 23> Wherei " ^ ,iret and seco "d structures are proved under 

r^g^^^^ 

27. A liquid crystal display devfee according to daim 23. wherein said first and second structures are arranged perimet- 
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ric portions outside of display area in which no pixel exists. 

28. A liquid crystal display device according to claim 24, wherein said dielectric material forming said first and second 
structures is photosensitive resist 

29. A liquid crystal display device according to claim 28. wherein said photosensitive resist is a novolak resist. 

30. A liquid crystal display device according to claim 28, wherein said photosensitive resist is baked after a pattern is 
drawn. 

31 . A liquid crystal display device according to claim 24. wherein the capacitance of said first and second structures is 
ten or less times larger than the capacitance of a layer of said liquid crystal located under or near said protrusions. 

32. A liquid crystal display device according to daim 24, wherein the specific resistance of said first and second struc- 
tures is equal or larger than the specific resistance of said liquid crystal. 

33 i^J^l?*^ d ^ CS ,0 **" 24 ' Wherei " firet and second «"«tu« Protrusions 

projected to a layer of sa.d hquri crystal, and said protrusions are made of material shielding visible light. 

20 W " tSS^SfJ^ •! CC ° rdin9 10 C ' aim 24 ' Wherein «** firet and second protrusions 
JgfjJJJ' 0f 53,(1 **" «* «* Protrusions are provided with dents each having a slope in aTn 

25 iSj^T, diSPl 7 d !Tr 6 T*""" 0 t0 C,8im 24 ' Whefein " W ,irSt and Second if ««ude protrusions 

S ^ CrySta '' ^ iUtS ^ P "* haVinfl 8 S,0pe 3 ,0n9itudinal direction « to ™* 

361 rt 0 ?^r?L diSP S y d ^ C6 ?° 0 * dinD t0 C ' aim 24, Wh6rein Said firet and second include protrusions 

^ projected to a layer of sa,d hquri crystal, and cenler portions of said protrusions are depressed. 

37. A liquidcrystal display device according to claim 24. wherein said first and second structures include protrusions 

sees ssr *~ and - ™ s a »-* - — ~rs 

35 38 Jfif ^ diSP ' ay d6ViCe aCCOrdin9 to daim 24 ' wherein ^ ,irst «« second structures include ion absorption 

M ' HSZ? T^?^ d6ViCe aCCOrding t0 claim 38 - wherein ,irst second structures are made of materials 
added with addition agent having ion absorption abilities materials 

""' iSS^HZ^t^? "J**?." **" 24 ' "" W ' ein «* «w "Ort include pwusions 

42. A liquid crystal display device according to claim 40. wherein said protrusions are made of resist art «H orfa^ 

- Sl to me surfaces 01 581(1 pro,rusions is far ~ - -il^KiSSSS 

43 £?a^^^^ 

45. A liquid crystal display device according to daim 24. wherein said first and second structures are formed by print- 
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46. A liquid crystal display device according to claim 24, wherein said first and second structures includes protrusions 
projected to a layer of said liquid crystal, a diameter of spherical spacers difining a thickness of said layer of sa liq- 
uid crystal is a difference subtracted a height of said protrusions from a desirable thickness of said liquid crystal 

layer. 

47. A liquid crystal display device according to claim 46. wherein a ratio of area of said protrusions with respect to dis- 
play area <s between 1/10 to 1/2. said spacers have a particle size distribution whose standard deviation is 0 1 to 
0.3 micrometers, and.said spacers are dispersed with a density of 300 particles per square millimeter. 

said protrusions are larger than those of said spacers. 

is 49. A liquid crystal display device according to claim 24. wherein said first and second structures includes at least one 
layer simultaneously formed with other portions of the device. ai'easrone 

5 °' T^Z^^^ a ?°" lin9 10 C ' aim 49, Wh6rein 0ne of aa ,iret and second structures, which is on a 

20 ss^iSr ments are formed - inciudes at ,east ° ne insutetin9 ,ayer * ***** — 

51 " ^S^S^SS^T^ to K C ' aim 49> Wher6in °' *** <irSt and seC0nd ««* * on a 

StL 1 1 ^ 9 177 SUbStrate 00 acfive elements are fcrmed. includes protrusions pro- 

SS1 n t 3nd prOtrU8i0n6 0n Mid CF substrate is ™*> <* materials same aTmSte- 

8 9 li9ht at boundaries between electrodes and ^ ,ines or p° rtion " "Si 
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52 ' ^^?I^ di8 25lJ"? B aCCOrdin9 10 Cl8im 51 • Wherein one of ^ fifSt «*» second structures, which is on a 
n 1 ^ ^J*?? ^S" 8 8 ^ SUbStrate 0n Which actlVe e,ements ^ fcnwdl includes prtafan? pro 
Sao^ 

53 ' ^o^^n^i? ft" aCC ° rdin9 10 C ' aim 51 " wherein one of 881(1 firet and "cond structures, which is on a 

9 3 ^ 00 which active e,emente ft™*, includes rJomWs pro 

S2?^15T? CryS,al ' ^ protrusions °" «* ^bstrate are formed by pJSSSSS w^a 

mask corresponding to piled portions of at least two color filters. 'nnograpny wrm a 

1511 a K di8 2 ay d6ViCe 3CCOrdin9 10 c,aim 51 • wherein ° ne of «id first and second structures which is on a 

.eel l e l£ } s ,f ,rat , e fa ? 9 3 ^ on which active e,emente are *>»«* «S2 o?o 

sions on sard CF substrate are formed at boundaries of said color filters. 
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60. A liquid crystal display device according to daim 23. wherein said first and second structures includes protrusions 
projected to a layer of said liquid crystal, a sum of height of said protrusions of said first and height of said protru- 
sions of said second structures is equal to a desirable thickness of a layer of said liquid crystal. 

s 61. A liquid crystal display device according to claim 1 3. wherein said second domain regulating means includes slits 
provided on a second electrode of said second substrate. 

62. A liquid crystal display device according to claim 61. wherein said second electrode consists of pixel electrodes 
and each pixel electrode comprises partial electrodes divided by said slits and electrical connection portions elec- 

io trically connecting said partial electrodes. 

63. A liquid crystal display device according to claim 62. wherein said electrical connection portions are arranged at 
perimeter of said pixel electrode. 

is 64. A liquid crystal display device according to claim 62. comprising light shield means for shielding a part of said elec- 
trical connection portions. 

65. A liquid crystal display device according to claim 62. wherein said second domain regulating means includes pro- 
trusions higher than surfaces of said pixel electrodes and arranged inside said slits. 
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66. A liquid crystal display device according to claim 13, wherein said first structure is an array of protrusions (banks) 
or depressions (grooves) each extending straightly. said protrusions or depressions are arranged in parallel to one 
another wrth a predetermined pitch among them, second domain regulating means includes an array of protrusions 
or depressions or slits each extending straightly, said protrusions, depressions or slits are arranged in parallel to 

p"* 5 etcl P cS ,erm,n9d PH * amCn9 ^ iS - ^ « a ^emen, 

67 ' JJSS ? WiCe a f° 0rdin9 10 C ' aim 13 ' wherein ,irst structure is a P* <* arrays of protrusions 

™™1 P ^'° nS £° W " S J e9Ch extendin9 s,rai9htf * 531(1 P'^sions or depressions are arranged in parallel 
to one another wrth a predetermined pitch among them, second domain regulating means includes a pair of arrays 

tnZ^T n ° r eP T SIOn ( !° r S,itS e3Ch extendi " 9 Strai9htly " 831(1 P r <*"si°ns. depressions or slits are arranged 
in parallel to one another wrth a predetermined pitch among them, directions in which said protrusions or doprW 

Z^wSXF are d * erem ,0 -* and *>* pred ~ ** hes - - » an " 

69. A liquid crystal display device according to claim 67. wherein said first structure includes protrusions said second 

a hTf S^TiT^r Pr0trUSi0nS ° f ^ Pr0trUSi0nS ° r ms 0f one 01 "« are mutuaTy oSeTS 
sXSon^^ 

71 " i ? iSP ' ay dav *l 3Ccordino ,0 aa ™ 1 3 - herein said first structure is an array of protrusions (banks) 

STm depressions are arranged in parallel to one another with a predetermined pitch amono 

them second domain regulating means includes an array of protrusions or depressions or stts each mSZ* 
one direction and being bent in zigzag at intervals of said predetermined cycTe. JfiZ££%££Z 
slits are arranged in parallel to one another with said predetermined pitch among them depressions or 

^ • — ' ^ - « P-> ^ - ar. in corre- 
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A liquid crystal display device according to daim 71 , wherein a pattern of each pixel electrode is almost a square, 
and pixel electrodes in adjoining row are mutually offset by a half of arrangement pitch of said pixel electrodes. 

A liquid crystal display device according to claim 74. wherein data bus lines extend in zigzag along with edges of 
said pixel electrodes. 



3. A liquid crystal display device according to claim 71 , wherein said predetermined pitch is an integral submultiDle of 
said pixels. 

r. A liquid crystal display device according to claim 76. wherein said predetermined cycle is an integral submulfcle of 
said pixels. 

t. A liquid crystal display device according to any one of claims 66. 67 or 71 . wherein said first structure includes pro- 
trusions, said second domain regulating means includes protrusions or slits, said protrusions of said first structure 
and said protrusions or slits of said second domain regulating means are offset by a half of said predetermined 
pitch. 



79. A liquid crystal display device according to any one of claims 66. 67 or 71 . wherein said first structure includes pro- 
trusions, said second domain regulating means includes protrusions or slits, said protrusions of said first structure 
and said protrusions or slits of said second domain regulating means are offset from a state in which said protru- 
sions or slits face, and said offset is fully smaller than said predetermined pitch. 

80. A liquid crystal display device according to any one of claims 66. 67 or 71. wherein said first structure includes 
depressions, said second domain regulating means includes depressions, said depressions of said first structure 
and said depressions of said second domain regulating means are offset by a half of said predetermined pitch 



81. 



A liquid crystal display device according to any one of claims 66. 67 or 71, wherein said first structure includes 
depressions, said second domain regulating means includes protrusions or slits, said depressions of said first 
structure and said protrusions or slits of said second domain regulating means are arranged to face to each other. 

82. A liquid crystal display device according to claim 1. wherein said first structure includes protrusions a liquid crystal 
injection port through which said liquid crystal in injected into a gap between said first and second substrates is 
located on a side of said device vertical to a direction in which said protrusions are extending. 

83. A Juid crystal display device according to claim 82. wherein exhaust ports through which an air or liquid crystal is 

£5."! J T ^ 93P Whef ! ^ " quid aySta ' is injec,ed are located 00 a side °PP«ae to the side on which said 
liquid crystal injection port is located. 

84. A liquid crystal display device according to claim 82. wherein an electrode used to apply a voltage to said liquid 
crystal and having no relation to display is formed near said liquid crystal injection port. 

85 ' £5? ° ryStal < ? i f pla) ' device «xo«Sng to daim 23. wherein said first structure includes protrusions formed with a 

ISJZSl f, ructlJre inc,ude poinHike protrusions respective * faci "9 eJ5£J2£ 

trame element of said two-dimensional lattice. 

86 ' d"irr2nl C „X diSPlay d ^ c i accordina to c,aim <*• "herein at least one of arrangement pitches of said two- 
d.mensional lattice is smaller than one of anangement pitches of pixel electrodes. 

87. A liquid crystal display device according to daim 85. wherein arrangement pitches of said two-dimensional lattice 
coincide with arrangement pitches of pixel electrodes. iwo-a.mens.onai lattice 

88. A liquid crystal display device according to claim 86. wherein said protrusions having said twrxtimensional lattice 

SSSTTt 0n bOUndarieS * e,eCtr0dB on a TFT ***rate °" which active elemeTje to^ aS 
sad po.nH.ke protrus.ons are arranged on a color filter substrate fadng said TFT substrate so that each poSt^ te 
protrusion faces to a center of each pixel electrode. ^ 

89 * a^ZTL diSPlay T ,Ce aCC0,din9 * daim 23> Wher6in ,ir6t and s * u «ures '"eludes a plurality of 

groups each hav,ng protrusions extendmg along edges of rectangulars of similar figures and of different sS. and 
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said protrusions are mutually arranged so that centers of respective rectangulars coincide to each other. 

90. A liquid crystal display device according to claim 89. wherein said rectangulars are similar to said pixels, a maxi- 
mum Size of said rectangular coincides with that of. each pixel, and centers of said rectangulars of each group coin- 
cide with a center of each pixel. 

91. A liquid crystal display device according to claim 13. comprising auxiliary domain regulating means arranged 
penmeters of each pixel tor generating orientation regulation force in a direction different from the direction of on- 
entation regulation force by the electric field generated in a non-display region. 
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A liquid crystal display device according to claim 91. wherein said auxiliary domain regulating means is arranged 
along a part and in the neighborhood of an edge of said pixel. 

93. A liquid crystal display device according to claim 23. wherein said first and second domain regulating means are 
protrusions projected to a layer of said liquid crystal, pixel electrodes are provided on said first substrate, a counter 
etectrode .s provided on said second electrode, and at the edges of each pixel electrode extending in parallel to the 
extending direction of said protrusions, the protrusions nearest to the pixel electrode inside said pixel electrode are 
located on said second substrate, and the protrusions nearest to the pixel electrode outside said pixel electrode are 
located on said first substrate. 

94. A liquid I crystal display device according to claim 93. wherein said protrusions nearest to said pixel electrode out- 
side said pixel electrode are arranged on a bus line. 

95. A liquid crystal display device according to claim 23. wherein said first and second domain regulating means are 

P "* eC,ed 10 a of «* crystal, and in said array of protrusions at leasl one 
ST J T 0, ' he * uch as «* ° f Protrusions, the interval between adjacent protrusions and the 
height of the protrusions includes at least two different values. 

96 * £ £ HSlZ^Z Tt 6 a f° r ? n9 10 daim 95 ' Wherei " * e interval be,ween Protrusions is smaller 

in the neighborhood of the bus line than at the central portion of the pixel. 

97. A liquid crystal display device according to claim 95. wherein a plurality of pixels constitute a set of pixels at least 

dXen f T Tf on V he imerval be,ween adjacert pr( ^ sions and t*^?£SSi£E: 

different among a plurality of p.xete constituting each set of pixels, and the width of the protrusions the interval 
between adjacent protrusions and the height of the protrusions are fixed in each pixel. 

96 ftSfi^T!! S' ay | de T aCCOrdin9 40 C ' aim 97 ■ Wherei " the thickness of the of «* crystal is dif- 
ferent at the plurality of pixels constituting the set. ^ 

iJS^J?!? diSPlay dWiCe aCCOrdinQ t0 daim 23 ' wherein "* first and second domain regulating means are 
arrays erf protrusions projected to a layer of said liquid crystal, and said array of protrusions indudes pTnSv 
repeated protrus,ons having two or more different values of side surface inclination anglesTC an^lS) ' 

1 WL Z!2Zl C „?r 3ta L diSp,ay 1 d ^ Ce a0COrdin9 <0 daim " wherein a # ura,i » of Pi* els «««■*■ a set of pixels the side 
surface inclmaton angle of a protrusion is varied from one pixel to another in each pixel set and to *dVw*w 

inclination angle of the protrusion in each pixel is fixed. 

101 * fi A t o « U „ i f ^i diSP,a , y deV ^ aCCOr6in9 10 ^ 13> ""P*** auxiliary electrodes (CS electrodes) for forming a 
Sg minT Mid auX " iary elecfrodes are fo ™* along of savtZtr u3 

^ZnrZ^tT Ce aCCOrdin9 10 13 ' "^"^ ,iDW Patterns proved along of sa« 

103.A liquid crystal display device according to claim 13. wherein said first structure te a lire* flm »w ~> 

SfS^E^S £ « 9 6m ' 831(1 SeCOnd d0main reflulatina means a second array of orotru 

sions or slits each extending straigWIy in a secorti direction differem from the first direclicxi.^^ 
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are arranged in parallel to one another with a predetermined second pitch among them. 

104. A liquid crystal display device according to claim 103. wherein additional protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or secondsubstrate. 

105. A liquid crystal display device according to claim 104. wherein said additional protrusions or slits have figures sim- 
ilar to the frames. 



106. A liquid crystal display device according to claim 103, wherein said first array of protrusions and said second array 
of protrusions or slits are crossed at right angle when vertically seen to the substrates. 

107. A liquid crystal display device according to claim 103. wherein a sum of a thicknesses of said protrusion of said first 
array and a thicknesses of said protrusion of said second array is equal to the thickness of a layer of said liquid crys- 
tal, and crossing portions of said protrusion of said first and second arrays operate as spacers. 

108. A liquid crystal display device according to claim 13. wherein said first structure includes protrusions formed with a 
first two<iimensionaI lattice, said second domain regulating means includes protrusions or slits formed with a sec- 
ond two<limensional lattice having same array pitches as those of said first two<limensional lattice, and said first 
and second two-dimensional lattices are offset by half pitches of said array pitches. 

109. A liquid crystal display device according to claim 108, wherein crossing portions, which are formed when vertically 
seen to the substrates by said first array of protrusions and said second array of protrusions or slits, are mutually 
omitted, and said protrusions or slits of said first and second arrays are intermitten. 

110. A liquid crystal display device according to claim 23. wherein said first and second structures include protrusions 
(banks) of dielectric materials each extending straightly in one direction, said protrusions are arranged in parallel 
to one another with a predetermined pitch among them, electrodes of said first and second substrates are partially 
formed on one of slopes of said protrusions. 

111. A liquid crystal display device according to claim 1 10. wherein said dielectric materials forming said protrusions 
passes visual light. 

112. A liquid crystal display device according to claim 1 10, wherein said protrusions of different substrates are arranged 
so that slopes of said protrusions on which no electrode is formed are nearer to each other. 

1 1 3. A liquid crystal display device comprising: a first substrate and a second substrate processed for vertical alignment- 
and a liquid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and 
second substrates; orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied, 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientations of said liquid crystal; 

said first domain regulating means includes a first array of protrusions (walls) each extending straightly in a first 
direction, said protrusions are arranged in parallel to one another with a predetermined first pitch among them- 
sa.d second domain regulating means includes a second array of protrusions or slits each extending straightly 
in a second direction different from the first direction, said protrusions or slits are arranged in parallel to one 
another with a predetermined second pitch among them. 

114.A liquid crystal<Jisplay device according to claim 1 13. wherein additional protrusions or slits are further provided at 
centers of frames, which are formed when vertically seen to the substrates by said first array of protrusions and said 
second array of protrusions or slits, on either of said first or second substrate. 

11 *t!^ d8ViCe aCCOrdin9 10 1 14> Wh6rein additi ° nal protrusions or fi 9^es aim- 
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1 1 6. A liquid crystal display device according to claim 1 1 3. wherein said first array of protrusions and said second array 
of protrusions or slits are crossed at right angle when vertically seen to the substrates. 

1 1 7. A liquid crystal display device comprising : a first substrate and a second substrate processed for vertical alignment ; 
and a liquid crystal having a negative anisotropic dielectric constant and being sandwiched between said first and 
second substrates; orientations of said liquid crystal layer being vertical to said first and second substrates when 
no voltage being applied, being almost horizontal to said first and second substrates when a predetermined voltage 
being applied and being oblique to said first and second substrates when an intermediate voltage lower than the 
predetermined voltage being applied, 

said first and second substrates comprising first and second domain regulating means for regulating azimuths 
of the oblique orientations of said liquid crystal; 

said first domain regulating means includes an array of protrusions (banks) or depressions (grooves) or slits 
each extending in a direction and being bent in zigzag at intervals of a predetermined cycle, said protrusions 
or depressions are arranged in parallel to one another with a predetermined pitch among them; 
second domain regulating means includes an array of protrusions or depressions or slits each extending in 
said direction and being bent in zigzag at intervals of said predetermined cycle, said protrusions depressions 
or slits are arranged in parallel to one another with said predetermined pitch among them. 

1 18. A liquid crystal display device according to claim 117. wherein said predetermined pitch is an integral submultjole 
of said pixels. 

119. A liquid crystal display device according to claim 1 17. wherein said predetermined cycle is an integral submurfole 
of said pixels. 

120. A liquid crystal display device according to claim 1 17. wherein said protrusions or depressions or slits of said first 
and secons substrates are offset by a half of said predetermined pitch. 

121 .A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to'said substrates 
when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is applied across 
said liquid crystal, and are nearly oblique when a voltage being less than a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in which, when a voltage being less than the predetermined voltage is applied across said liquid 
crystal, said l.qurd crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; and 

f! ' e !!! 1 ^ e PhaSS difference f ilm havi "9 °P ticaJlv in P'ane positive uniaxiality. placed in at least one of spaces 
STn^oS'lf?,? "T* Pane ' 8nd °" e ° f 8aid ,iret and s 6 ™* P° larizi "9 Plates, which are prided 
ttle°wf *** ' iqUid ° ryStal Pane1, 8nd betWeen ^ ,iquid P 3 " 81 and 

122.A liquid crystal display device, characterized by comprising: 

bJSfl^i SL'" WhiCh .? ,iqUid CrySta ' h8Vin9 a n " ative dielectric constant ^sotrcpy is sandwiched 
ZZZZTST?- T*l UPP6r ,OWef Substrates on * e surta «* <* ^ich a vertical alignment 
treatment .s performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no vottage is applied across said liquid crystal, and are nearly horizorrtal^eTa voteg^t 
applied aero* said liquid crystal, and are nearly oblique when a voltage being less than a 

TJ™ 05 * "1 and in "W-ho means consisting'of ontofT^ ££ 

ITT™! depress,ons and arts formed in electrodes is provided on a surface of at least one of 
said two substrate and ,n which, when a voltage being less than the predetermined voltage ?s apS across 
sad nquid crystal, said Bqukl crystal is regulated so that the clique alignment is caused in a l&fiEZ 
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tons in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; and 

at least one of phase difference films each having optically negative uniaxiality in a direction of thickness 
thereof, placed in at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel, and between 
said liquid crystal pane) and the other thereof. 



123.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical to said substrates 
when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is applied across 
said liquid crystal, and are nearly oblique when a voltage being less than a predetermined voltage is applied 
across said liquid crystal, and in which domain regulating means consisting of one of or a combination of pro- 
trusions, depressions and slits formed in electrodes is provided on a surface of at least one of said two sub- 
strate and in which, when a voltage being less than the predetermined vottage is applied across said liquid 
crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of directions in each 
pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase difference film having optically inplane positive uniaxiality. placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles ; and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof placed 
between said liquid crystal panel and said second polarizing plate. 

124.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
belween two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no vottage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
applied across sad liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age is applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
bination of protrusions, depressions and slits formed in electrodes is provided on a surface of at least one of 
sad *n substrate and in which, when a voltage being less than the predetermined voltage is applied across 
said liquid crystal, said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; K ' 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase difference film having optically inplane positive uniaxiality, placed between said liquid crystal panel 
and said first polarizir* plate so that a phase lag axis thereof intersects with the absorption axis of saidffrst 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxiality in a direction of thickness thereof placed 
between said first phase difference film and said first polarizing plate. 

1 25.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 

**ZZ !£ S l!!f S ' namel * and ,ower substra "* o" *e surfaces of which a vertical alignmert 
treatment ,s performed, and .n which orientations of said liquid crystal are nearly vertical alignment to said suT 
stKrtes when no voltage is applied across said liquid crystal, and are nearly horizontal wZ voxels 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined^ 

SLXSST 0 ^" ,iquid CryStal - ^ in «»** d °™" "B—hs means consisting* one ofTfcom 
b,n TZ P^ rus,on s. depresses and slits formed in electrodes is provided on a surface of at least on^rt 
sa,d two substrate and in which, when a vottage being .ess than the predetermined voftage * appSaa^ 
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said liquid aystal. said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 
tions in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

a first phase difference film having optically inplane positive uniaxialrty. placed between said liquid crystal panel 
and said first polarizing plate so that a phase lag axis thereof intersects with the absorption axis of said first 
polarizing plate at right angles; and 

a second phase difference film having optically negative uniaxialrty in a direction of thickness thereof placed 
between said liquid crystal panel and said first polarizing plate. 

126.A liquid crystal display device, characterized by comprising: 

a liquid crystal panel in which a liquid crystal having a negative dielectric constant anisotropy is sandwiched 
between two substrates, namely, upper and lower substrates on the surfaces of which a vertical alignment 
treatment is performed, and in which orientations of said liquid crystal are nearly vertical alignment to said sub- 
strates when no voltage is applied across said liquid crystal, and are nearly horizontal when a voltage is 
applied across said liquid crystal, and are nearly oblique when a voltage being less than a predetermined volt- 
age b applied across said liquid crystal, and in which domain regulating means consisting of one of or a com- 
!S S?!" 9 !' depressions and slits formed in electrodes is provided on a surface of at least one of 

~£ 5°-^!5? a "2 r "? **■ Whe " 8 V °' ta9e bein9 ,ess the Predetermined voltage is applied across 
said hqud crystal said liquid crystal is regulated so that the oblique alignment is caused in a plurality of direc- 

cons in each pixel; 

first and second polarizing plates placed at both sides of said liquid crystal panel so that absorption axes 
thereof intersect with each other at right angles; 

at least one of phasedifference films, whose inplane dielectric constantes n x and n, and dielectric constant n 2 
in a direction of thickness thereof have the following relation: n x , n y z n,. which is placed in at leasTone of 
spaces between sakl liquid crystal pane, and one of said first and second polarizing plates an VtSSSi£ 
liquid crystal panel and the other thereof. ueiween sac 

127. A liquid crystal display device, characterized by comprising: 

hJSffn^' ^l 61 '" WhiCh 3 ,iquid CryStal havin9 a neGative dielectric constant anisotropy is sandwiched 
£2Tn, S T T- T - * UPP6r ^ SUbStrateS °" me Surtaces 01 "»** a ™**l Cmem 
22 T,n TZSn ^ ' n "IS ° rientati0nS ° f "* ' iquid Crysta) are vertcal a'^ent to saki sub- 
2 2 2!£L w , 9 h ,$ 3PP :' ,ed aCr0SS Said ,iquid CTys,al - and are near| y horiaortal when a voltage is 
appl.ed anon sa.d liquid crystal, and are near.y oblique when a voltage being less than a predetermined vott 
age is applied across said liquid crystal, and in which, when a vohage being less than the Redetermined vol- 

^SMJKSSSST" of sa,d ,iquid °~ 60 that - 

ftlSSI?" 88 ^ ere ^ e ,ilm haVing inp,ane P 05 ^ uniajdalit * P'^ed in at least one of spaces 

S^oTEE^S T ' ^ ° n * °' ,irSt " na 8econd P 019 " 2 ^ P'ates. which are P S£S 

Mm or both of the s,des of sa«l liquid crystal panel, and between said liquid crystal pane, and L oth* 

128.A liquid crystal display device, characterized by comprising: 

SJ5!H C r ta ' ^L 6 i in WWCh 3 liquid crystal a ne ea^e dielectric constant anisotropy is sandwiched 

l^ZT^T'T*** UPPW ^ ,0wer substrates °" « he surfa «* of which a ve^caTaCmem 
^ 6 ^ S Pe^ed. and in which orientations of said liquid crystal are nearly vertical alignmeWto 
stra es when no voltage is applied across said liquid crystal, and are nearly horizontei^ a t 
applied aero* said .iquid crystal, and are nearly oblique Jfien a vohage b^m^^S^M 
age is appted across said liquid crystal, and in which, when a voltage being lesslarTtte SStoS 2" 

^sr»oT:sr^^ - ,iquid c ^ «- - ~ —p- - 
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at least one of phase difference films each having optically negative uniaxialrty in a direction of thickness 
thereof, placed m at least one of spaces formed between said liquid crystal panel and one of said first and sec- 
ond polarizing plates, which are provided at one or both of the sides of said liquid crystal panel and between 
said liquid crystal panel and the other thereof. 

5 

1 29.A liquid crystal display device in which negative-type liquid crystals are held between two pieces of upper and lower 
substrates of which the surfaces are vertically oriented, said liquid crystals are oriented nearly vertically when no 
voltage is applied, oriented nearly horizontally when a predetermined voltage is applied, and are oriented aslant 

OH! 96 Sma " er tha " ^ P fedetermin «l voltage is applied, wherein one of said two pieces of color filter 
to substrates comprises: 

a transparent support member; 

plural kinds of color decomposition filters formed on said transparent support member for each of the regions- 
a transparent electrode formed on said color decomposition filters: and 
a light-shielding film formed at any position on said transparent electrode. 

1 *°t S^*' d Jf Sy d6ViCe "I** "W" crystal « "eld between an upper and lower substrates 

Lt?n fif 068 , V VBrtC 1 y ° riemed ' ,iquid ^ * oriented neariv whe" "0 voltage^ 

"V 2 " ZOnta,l l when a Predetermined votege is applied, and are oriented aslant when a volt- 
age srraller than sad predeterrruned voltage is applied, wherein a molar mixing ratio of contamination elements of 
polyurethane and skin mixed to the liquid crystal is less than 1/1000. eiemenis or 

131 .A liquid crystal display device according to claim 130. wherein each contamination element of the mixed poly- 
urethane or skin has an area smaller than 5 urn x by 5 urn. * 

132 "iSSZi^S^M SUbStrate !° ' VertiCa " y ° riented ' iquid CTyS,al havin °' on «*» »«* a pro- 

^"72**!? m6anS <0 S ° reSWCt ,hat " quid C,VSta,S « in a f^A of 

aslant direction in each pixel when a voltage smaller than a predetermined voltage is applied, comprising: 

a S> 2 22 ^^0"^ electrodes have been formed on the surface of said substrate; 
a step of treating the surface of sad protrusion to facilitate the formation of a vertical alignment film- and 

L™£ °L Tk 1 ^ a, i 0nment <i,m 0n me surface of « u subs *a*e on which the electrodes have been 
formed, of which the surface has been treated, and which includes said protrusion. . 

ofl^S 

1 "'o^T^^l* "5*^ '".T*"' ° riented **» d ^ accordi "9 »o 1 32. wherein rug- 
135.A process for producing a substrate tor vertically oriented liquid crystal display according to claim 132 wherein ruo 
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1 40.A process for producing a substrate for vertically oriented liquid crystal display according to claim 1 39, wherein said 
substrate is rapidly heating so that said protrusions foam in the step of treating the surface of said protrusions. 

141 .A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, pro- 
trusions that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when mol- 
ecules of said liquid crystal are tilted by applying a voltage is applied, conprising: 

a step of coating resin after electrodes are formed on the surface of the substrates; 
a step of scattering particulates on the surface of the resin; 
a step of forming the resin into protrusions; and 

a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

142. A process for producing a substrate for vertically oriented liquid crystal display having, on the surface thereof, walls 
that work as domain regulating means to regulate azimuths of orientations of said liquid crystal when molecules of 
said liquid crystal are tilted by applying a voltage is applied, comprising: 

a step of forming sets of two walls neighboring to each other; 

a step of heating said two walls to be fused into one wall having a groove at center thereof; and 
a step of forming a vertical alignment film on the surface of said substrate on which the electrodes and the pro- 
trusions have been formed. 

1 43. A process for producing a color filter substrate that is used as one of the two pieces of substrates for a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontally when a predetermined voltage is applied, and are oriented obiique when a voltage smaller than said pre- 
determined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on 
a transparent support member for each of the regions, comprising: 

a step of successively forming two or more color decomposition filters while superposing predetermined por- 
tions one upon the other among said plural kinds of color decomposition filters; 
a step of applying a positive-type photosensitive resin; and 

a step of developing said negative-type photosensitive resist after said positive-type photosensitive resist is 
exposed, through said colored members, to light with which said positive-type photosensitive resist is photo- 
sensitized, said light having a wavelength that transmits very less through the portion where said two or more 
color decomposition filters are superposed than through other portions. 

144. A process for producing a color filter substrate according to claim 143, further comprising a step of forming a trans- 
parent and flat layer after said plural kinds of color decomposition filters have been formed. 

145. A process for producing a color filter substrate according to claim 143. wherein said positive-type photosensitive 
resist has light-shielding property. 

1 46. A process tor producing a color filter substrate that is used as one of the two pieces of substrates lor a liquid crystal 
display device in which liquid crystals are oriented nearly vertically when no voltage is applied, oriented nearly hor- 
izontal^ when a predetermined voltage is applied, and are oriented aslant when a voltage smaller than said prede- 
termined voltage is applied, said color filter substrate having plural kinds of color decomposition filters formed on a 
transparent support member for each of the regions, comprising: 

a step of forming plural Kinds of color decomposition filters on the transparent support member for each of the 

regions; 

a step of forming a transparent electrode on said color decomposition filters; and 
a step of forming a light-shielding film at any position on said transparent electrode. 

w iS£Z££S£ : a ,il,er substrate accorcfin9 to daim 146 - " h -* -p to ' *• 



a step of applying a photosensitive resist onto said light-shielding film which includes said transparent elec- 
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a step of etching said photosensitive resist after it has been developed by exposure to light through a prede- 
termined pattern; and 

a step of annealing said photosensitive resist that is left on said light-shielding fim after the etching; 

wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 

.A process for producing a color filter substrate according to claim 146, further comprising: 

a step of applying a positive-type photosensitive resist onto said transparent electrode which includes said 
light-shielding film after the step of forming said light-shielding fim; 

a step of developing said negative-type photosensitive resist after said negative-type photosensitive resist has 
been exposed to light through said light-shielding film; and 

a step of annealing said photosensitive resist that is left on said light-shielding fim after the developing; 
wherein said photosensitive resist left on said light-shielding film works as an insulating protrusion. 
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